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(54) A ceramic support capable of supporting a catalyst, a catalyst-ceramic body and processes for 
producing same 
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(57) A ceramic support capable of supporting- a 

catalyst, comprising a ceramic body having fine pores 
with a diameter or width of up to 1000 times the ion 
diameter of a catalyst component to be supported on the 
surface of said ceramic body, the number of said fine 
pores being not less than 1 ^ tO^'^a pores per (iter, is 
produced by introducing oxygen vacancies or lattice 
defects in the cordierite crystal lattice or by 
applying a thermal shock to form fine cracks. 
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Description 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

[0001] The present invention relates to a ceramic support for supporting a catalyst component for cleaning, an 
exhaust gas from an internal combustion engine of an automobile, etc., a catalyst-ceramic body using the ceramic 
support, and processes for producing these 

10 

2. Description of the Related Art 

[0002] A widely used conventional catalyst support for a catalyst component used to clean an exhaust gas is a 
honeycomb structure of cordierite, which is excellent in thermal shock resistance, the surface of which is coated 
^5 v/ith "Y-alumina. This is because a cordierite honeycomb structure has a relatively small specific surface area such 
that a sufficient amount of a catalyst component cannot be supported thereon. Therefore, Y-alumina having a large 
specific surface area is coated on the surface of a cordierite honeycomb structure, to support a catalyst component 
such as Pt thereon. 

[0003] Because recent changes in the exhaust gas regulation, a quick activation of a catalyst is required to 
20 reduce hydrocarbons from an exhaust gas generated immediately after the starting of an engine. To satisfy to this 
requirement, a reduction of the thermal capacity of a catalyst support, in order to increase the temperature 
elevating rate of a catalyst to an activated state has been considered. Reduction of the thermal capacity of a 
catalyst support can be made by decreasing the thickness of celt walls of a cordierite honeycomb structure. However, 
even if the thickness of cell walls of a cordierite honeycomb stnjcture is reduced, to have a small thermal capacity, 
25 the amount of a coating of Y-alumina does not decrease, resulting in lowering the effect of reducing the thermal 
capacity of the honeycomb structure as a whole. 

[0004] In reducing the thickness of cell walls of a cordierite honeycomb structure, a reduction in pressure loss 
can be expected but this effect is also reduced by a coating of Y-alumina. Further, although a cordierite honeycomb 
structure itself has a small thermal expansion coefficient, about 0.5 ^ 10*®a/*C the thermal expansion coefficient of a 
honeycomb structure with a coating of Y-alumina increases to about 1.5 ^ 10"®^/°C, by which the thermal shock 
resistance of the honeycomb structure significantly decreases. 

[0005] in order to solve the above problems, an increase in the specific surface area of a cordierite honeycomb 
structure to eliminate the necessity of a coating of Y-alumina has been considered. For example, Japanese Examined 

25 Patent Publication (Kokoku) No. 5-50338 discloses a method of carrying out acid and heat treatments of a cordierite 
honeycomb structure to increase the specific surface area thereof. Although it is mentioned that this method allows 
increase in the specific surface area from 1 m^a/g to about 30 m^a/g, this method disadvantageously decreases the 
strength of the cordierite honeycomb structure. Since the acid treatment selectively dissolves MgO and AI2O3 from the 
cordierite to increase the surface area, the crystal lattice of cordierite itself is destroyed and the strength of 

40 the cordierite honeycomb Structure decreases. • ' ' 

[0006] A honeycomb structure should have a compressive strength in the direction of the flow channel as a high 
as 10 MPa or more to be installed in an exhaust gas cleaning catalyst converter. In the method disclosed in JPP'338, 
a compressive strength, in the direction of the flow channel, of 10 MPa or more cannot be attained if the treated 
cordierite honeycomb structure has a cell wall thickness of less than 150 pm at a cell density of 400 cpsi (cells per 

45 square inch). However, a cordierite honeycomb structure having a cell wall thickness of 150 pm at a cell density of 
400 cpsi has a thermal capacity equivalent to that of a cordierite honeycomb stnjcture having a cell wall thickness 
of 120 pm at a cell density of 400 cpsi and coated with Y-alumina at 180 g/l. Therefore, the above method in JPP'338 
does not provide an improved effect in reducing the thermal capacity of a catalyst support, considenng the fact 
that a cordierite honeycomb structure having a cell wall thickness of 85 pm at a cell density of 400 cpsi can be 

50 produced at present. 

[0007] It is therefore required that a co(d\enXe honeycomb structure for c\ean\nQ an exhaust gas has a 
compressive strength in the direction of the flow channel of 10 MPa or more with a cell wall thickness of 120 pm or 
less at a cell density of 400 cpsi and can support a required amount of a catalyst component without a coating 

ofy-alumina. 

55 [0008] Thus, the object of the present invention is to make a ceramic support itself which can support a 
required amount of a catalyst component, by which the necessity of coating with Y-alumina is eliminated, and to 
thereby provide a ceramic support to be used to support a catalyst component for cleaning an exhaust gas from an 
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Internal combustion engine of an automobile, etc., which has a reduced thermal capacfty and pressure loss as well as 
a lower thermal expansion coefficient Also, the object of the present Invention is to provide a catalyst-ceramic 
body and processes for producing the ceramic support and the catalyst-ceramic body. 

5 SUMMARY OF THE INVENTION 

[0009] The present inventors considered the conditions for fine pores necessary to directly support a 
catalys: component on a ceramic support and found that fine pores formed by defects such as oxygen vacancies and 
lattice defects in the ceramic crystals, by fine cracks formed on the surface of a ceramic support or body, and by 
10 vacancies of elements constituting the ceramic, etc. can make a ceramic support to support a required amount of a 
catalyst component without a coating of Y-alumina. It was also found that it is desired that the number of the above 
fine pores is 1 ^ ^Q^^a/\ or more, more preferably 1 ^ 10'®a/I, further preferably 1 ^ lO^'^a/l or more. These fine pores 
may be present alone or in combination. 

[0010] The ceramic support of the present invention is preferably a cordierite honeycomb structure comprising 

^5 cordierite, the theoretical composition of which is 2MgO-2Al203-5Si02, as the main component and having a 
honeycomb shape. Since the diameter of an ion of a catalyst component is usually in the order of about 0.1 nm, a 
cordierite honeycomb structure preferably has a diameter or width of the fine pores formed on the surface which is 
up to 1000 times, preferably 1 to 1000 times the above ion diameter or about 0.1 nm, that is, 0.1 to 100 nm, and a 
depth of the fine pores which is not smaller than a half of the diameter of an ion of a catalyst component, that is, 

20 0.05 nm or more. By having the above predetermined number of such fine pores, the ceramic support of the present 
Invention can directly support a required amount of a catalyst component with a required strength being maintained. 
[0011] When the ceramic support has the fine pores of oxygen vacancies or lattice defects, the number of the 
fine pores significantly depends on the amount of the oxygen in the cordierite honeycomb structure. To have the 
above stated number of the fine pores, it is suggested that the content of the oxygen in the cordierite honeycomb 

25 structure is made less than 47% by weight or more than 48% by weight. Also, it is suggested that the lattice constant 
of the bo axis of the cordierite crystal is made larger than 16.99 or smaller than 16.99. Specifically, the 
cordierite honeycomb structure preferably includes cordierite crystals having one or more in number of at least one 
of the oxygen vacancy and lattice defects in the unit lattice of cordierite crystal (also called as the unit cell of 
cordierite crystal), in an amount of not less than 4 ^ 10'®a% of said ceramic, more preferably not less than 4 ^ 10*^a% 
of said ceramic; or preferably has cordierite crystals which comprise not less than 4 ^ 10'^a. more preferably not less 
than 4 ^ 10*^^ of at least one of oxygen vacancy and lattice defect per the unit lattice of cordierite crystal, to 
make the number of the fine pores of the ceramic support 1 ^ IQ'^^aA or more, preferably 1 ^ 10^^a/l or more. 
[0012] A catalyst component Is usually supported on a ceramic support by immersing a ceramic support in a 

35 solution of catalyst component ions in a solvent A conventional cordierite honeycomb structure coated with Y-alumina 
has a typical size of fine pores of Y-alumina of about 2 nm, while the catalyst metal particles typically have a 
particle size of about 5 nm, larger than the size of the fine pores of Y-alumina. Therefore, it is considered that the 
fine pores of Y-alumina are necessary to support catalyst component ions, rather than to support metal particles. 
Thus, if a ceramic support has fine pores with a diameter or width equivalent to or larger than the diameter of 

40 catalyst component ions, that is, fine pores with a diameter or width of 0.1 nm or more, it is possible to support 
catalyst component ions. However, the size of the fine pore of the ceramic support should be not larger than 1000 
times the diameter of catalyst component ions, in orderto have a sufficient strength of the honeycomb structure. This 
size is 100 nm or smaller when the diameter of catalyst component ions is 0.1 nm. It is sufficient for supporting 
catalyst component ions that the depth of the fine pores be a half or more than the diameter of catalyst component 

45 

{0013] Since the fine pores of defects or cracks are very fine and the surface area of a ceramic support having 
them cannot be measured by the usual measuring methods, the present invention designates or states the number of 
fine pores necessary to support a predetermined amount of a catalyst component. The amount of a catalyst metal 
supported in a presently used three way catalyst is about 1.5g per liter of the volume of the honeycomb structure. 
The diameter of the catalyst metal particles should be about 1000 nm or smaller, preferably about 20 nm or smaller 
to exhibit the exhaust gas cleaning capability. If it is assumed that the weight of a catalyst metal supported by a 
honeycomb structure with a volume of 1 liter is W grams and all the catalyst metal particles are spheres with a 
diameter of r cm, the number N of the catalyst metal particles supported can be expressed by the following formula 
( 1 ), in which P stands for the density of the catalyst metal in g/cm^a 

55 N X (4/3)jir^ X p = W (1) 

[0014] In the case that Pt, which is the catalyst metal used in a presently used three way catalyst-ceramic body 
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for cleaning, is supported at 1.5 g/l and all the Pt particles have a diameter of 1000 nm. the number of the Pt 
particies supported is 1.34 ^ 10^^a/i from the above formula (1), in which the density of Pt is 21 .45 g/cm^a. Since each 
catalyst metal particle requires about one fine pore for supporting, the number of the fine pores necessary to 
support a required amount of the catalyst metal particles directly on a ceramic support is at least 1 ^ 10^^a/i or more. 
When the average diameter of the catalyst metal particles becomes about 10 nm, the cleaning capability can be about 
equal to that of a presently used three way catalyst. At that time, the number of the catalyst metal particles is 
1.34 ^ 10^^a/l from the above formule (1) and, therefore, the number of necessary fine pores is preferably 1 ^ IO^^a/1 
or more. 

[0015] On the other hand, the weight of a cordierite honeycomb structure having a cell wall thickness of 100 ym 
at a cell density of 400 cpsi is about 230 g/l. If all the honeycomb structure is made of cordierite MQ'z^Ia^IsO^q, the 
number of the unit lattices of cordierite crystal (i.e.. the number of the unit cells of cordierite crystal, equal 
to the number of cordierite molecules) can be calculated by the following formula (2): 

(number of unit lattices of cordierite) = (weight of honeycomb)/(molecular weight of cordierite) x (Avogadro number) 
. = ((230 g/l)/584,95g) x 6 x IG^^ . 
= 2.36 vc 1023/1 

[0016] If it is assumed that a cordierite honeycomb structure has 1 ^ lO^^aA of oxygen vacancies or lattice 
defects and only one such defect of oxygen vacancy or lattice defect is formed in one cordierite crystal unit 
lattice, the percent ratio of cordierite unit lattices having a defect in relation to the cordierite crystal as a. 
whole can be calculated by the following formula (3): 

(percent ratio of cordierite unit lattices having a defect) = (number of defects)/(number of unit lattices of cordierite) 

= (1 X 1016/2.36 X 1023) X 100% . 

= 4 X 10-8 X 100% 

= 4x10-«% 

[0017] Also, ff the number of defects is 1 >^ lO^^a, the percent ratio of cordierite unit lattices of having a defect to 

all the cordierite crystals becomes 4 ^ 10'^a%. 

[0018] The number of defects such as oxygen vacancies or lattice defects can be also calculated by the formula: 
(number of defects)/(number of cordierite crystals), similar to the formula (3). That is, if the number of defects is 
1 X lO^^a/i, the number of defect per unit crystal lattice is 4 10*^a. If the number of defects is 1 ^ lO^^a/l, the number 
of defects per unit crystal lattice is 4 ^ 1 0'^a. 

[0019] In accordance with the present invention, the catalyst supporting capability is provided to a cordierite 
honeycomb strucfure by methods including (1) a method of forming an oxygen vacancy, or a lattice defect such as a 
metal vacant point and a lattice strain in a cordierite crystal unit lattice, (2) a method of forming a large number 
of fine cracks in at least one of the amorphous and the crystal phases, (3) a method of dissolving cordierite 
constituting elements or impurities in a liquid phase method to form vacancies or pores, (4). a method of chemically 
or physically forming vacancies or pores in a vapor phase method, and (5) a method of incorporating an oxygen 
storage substance. In the present invention, a cordierite honeycomb structure which has a predetermined number of 
the fine pores formed as above can directJy support a catalyst component Also, since these fine pores formed by the 
methods as above do not cause damage to the ceramic crystal lattice as in the prior art method, the cordierite 
honeycomb structure can have a compressive strength in the direction of the flow channel of 10 MPa or more and a 
thermal expansion coefficient of 1 ^ 10'®aX or less even if the thickness of the cell wall is reduced. 
[0020] The cordierite honeycomb structures provided with a catalyst supporting capability by the above methods 
are described below. 

[0021] First, a cordierite honeycomb structure, in which the cordierite crystal thereof has an oxygen vacancy or 
a lattice defect such as a metal vacancy or lattice strain, is described. The defect which makes catalyst component 
supporting possible, includes an oxygen vacancy or lattice defect The oxygen vacancy is a defect formed when oxygen 
is in an amount insufficient to compose a cordierite crystal lattice, and a catalyst component can be supported on a 
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pore which is formed where the oxygen is lacked. In order to support a required amount of a catalyst component, it 
is suggested that the content of oxygen in a honeycomb structure is made to be less than 47 /o by weight. 
r00221 The lattice defect is a defect formed when oxygen is incorporated in an amount excess to compose a 
. cordierite costal lattice, and a catalyst component can be supported on a pore which is formed by a strain of 

5 crystal lattice or a metal vacant point. In order to support a required amount of a catalyst component, it is 
sugaested that the content of oxygen in a honeycomb structure is made to be more than 48% by weignt. 
[00231 A cordierite honeycomb structure having a defect in the crystal lattice can be produced by controlling 
the atmosphere for firing the honeycomb structure or by using particular cordierite materials. Among them the 
oxygen vacancy can be formed (i) by controlling the firing atmosphere to a reduced pressure atmosphere or a reducmg 

10 atmosphere (11) by using a compound not containing oxygen in at least part of the cordierite materials and firing 
the coSe materials in a low oxygen concentration atmosphere, and («i) by replacing some of at '-st one other- 
than-oxygen element constituting the cordierite by an element having a valency smaller than the replaced element^ 
The laSce defect can be formed (iv) by replacing some of at least one elernent other than oxygen con»g the 
cordierite by an element having a valency larger than the replaced element These methods (.) to (iv) are described 

15 in the following. ^, rA\^r\^^ 

[0024] in the method (i) of forming a cordierite honeycomb structure having oxygen vacancies, 
materials may be those generally used for producing cordierite. for example, talc (Mg3SuO,o(OHW. kaoim (AI,S,,0,(OH) 
Tcaldned kaolin, alumina (Ab03), aluminum hydroxide (AI(OH)3). etc. In addition to the above, oxides. hydro,ades 
and the like which contain at least one of Si. Al and Mg elements constituting cordierite may be used as an S. 

20 source, an Al source and a Mg source. ^ ^ ^ 

ro0251 The above cordierite materials are formulated as to form a theoretical composition as descnbed before 
and combined with a shaping agent such as a binder, a lubricant and a humidity-keeping agent as well as water, which 

then eSruded to form a honeycomb shape. The shaped body is heated in air at about 500X to remove an organic ■ 
binder followed by firing in a reduced pressure or reducing atmosphere to form a honeycomb structure In firing in 

25 a reduced pressure a^osphere. the pressure is preferably about 4000 Pa (30 Torr) or less and the finng.is 
typically carried out at about 1350°C or higher for 2 hours or more. 

r00261 As firing in a reduced pressure atmosphere, the oxygen contained in the cordierite matenals leaves as a 
gas during the firing so that the oxygen becomes insufficient to compose cordierite and an oxygen vacancy in the 
Cordierite crystal unit is formed. When firing in a reducing atmosphere, that is, when the finng is earned out 
^ unS^r the conS ons similar to the above but in a reducing atmosphere such as a hydrogen atmosphere. t e o>jg en 
contained in the cordierite materials reacts with the reducing gas to leave as a gas dunng the f. ing. As a esult 
the o^gen becomes insufficient to compose cordierite and an oxygen vacancy in the cord.ente crystal unit ,s 
ormTwhen the cordierite materials used are oxides only, the oxygen composing cordierite can be compjete^ 
luppledftom the cordierite materials and. therefore, a reduced pressure atmosphere or a reducing atmosphere should 
35 be used to decrease the oxygen. . .. » e 

[00271 in the method (ii) of forming a cordierite honeycomb structure having oxygen vacancies, a least some Si. 
. and Mg sources as the cordierite materials are replaced by a compound containing at least '='^^^^^^^1^1 
and not containing oxygen. Such compounds may be nitrides, halogenides such as ^^'^"j^^f ' ^"'^ * J '^^ 

which contain at least one of Si. Al and Mg elements constituting cordierite. Some or a« of at least S^ 
Tnd Mg sources are replaced by the above compounds which do not contain oxygen. The other cordiente matenals may 
be the same as those used in the method (i). . . .. . ^ 

[00281 The above cordierite materials are formulated as to form a theoretical composition as descnbed before 
Lnd a e formed into a honeycomb shape and heated to remove an organic binder, in ;h«^'"^""^^^^™'^;^° ^^^^^^^ 
(1 ) followed by firing in a low oxygen concentration atmosphere. The oxygen concentraton of the atmosphere is from 
0% o Shan 3% preferably lom 0% to In this process, an oxygen vacancy is formed ,n the cordier e co^ a 
lartce When a compound not containing oxygen is used in the cordierite materials, the oxygen contained in the 
cordierite materials is insufficient to compose cordierite and the firing atmosphere does not provide a suffic-en 
amount of oxygen to form a cordierite crystal by reaction since the concentration of oxygen in the finng atmosphere 
is low Thus an oxygen vacancy is formed in a cordierite crystal lattice. 
^ [0029] ' When a compound not containing oxygen s used in the cordierite materials, a reduced pressure 
atmosphere or a reducing atmosphere, as used in the method (i). may be used in place of the low oxygen concenUaton 
atmosphere In such a case, a sufTicient amount of oxygen is not supplied to compose a cordiente crystal dunng 
the reaction process and an oxygen vacancy is formed in the cordiente crystal lattice. 

[0030] in the method (iii). at least one other-than-oxygen element constituting cordierite is repaced by an 
^ element having a valency smaller than the replaced element to form oxygen vacancies. In this method, the cordiente 
materials in which some Si, Al and Mg sources are replaced by a compound containing an element having a valency 
smaller than that of the replaced Si. Al or Mg are used. The cordierite constituting elements. Si. Al and Mg. have 
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valences of (Si) +3 (Al) and +2 (Mg), respectively. Some of at least one of these elements may be replaced by a 
compound having a valency smaller than the replaced element Such compounds may be any of oxides, hydroxides,, 
nitrides halogenides and the like and the other cordierite materials may be usual cord.erite matenals to prepare 
the cordierite materials. The prepared cordierite materials are formed into a honeycomb shape, heated to remove the 

5 organic binder and then fired. The firing atmosphere may be any of a reduced pressure atmospnere, a reducing 
atmosphere, an oxygen-containing atmosphere such as an air atmosphere, or an atmosphere not containing oxygen^ 
Since the o;<ygen necessary to compose cordierite is contained in the cordierite matenals and the oxygen vacancies 
are formed by element reolacement. the oxygen concentration in the firing atmosphere does not affect the product and 
any oxygen concentration in a range of 0 to 1 00% results in forming oxygen vacancies. 

10 f0031l The cordierite constituting elements Si, Al and Mg have positive charges of +4 (Si), +3 (Al) and +2 (Mg). 
When any of the constituting elements is replaced by an element having a valency smaller than the replaced element, 
a positive charge corresponding to the difference of the replacing element with the replaced element ,s deficient and, 
in order to maintain the electrical neutrality, the negatively charged oxygen (O^-a)is released. Thus, by replacing the 
cordierite-constituting element by an element having a smaller valency, an oxygen vacancy can be formed m the 

15 cordierite crystal unit . . ^. . , ^ w. 

ro0321 In the method (iv), at least one other-than-oxygen element constituting cordierite is replaced by an 
element having a valency larger than the replaced element to form lattice defecis In this method, the coraiente 
materials in which some of Si. Al and Mg sources is replaced by a compound containing an element havmg a valency 
larger than that of the replaced Si. Al or Mg are used. Also, in this case, some of at east one of the cord,er,te- 

20 constituting elements may be replaced by a compound having a valency larger than the replaced element and the c^^ 
cordierite materials may be usual cordierite materials to prepare the cordierite matenals. The prepared cord^me 
material are formed into a honeycomb shape, heated to remove the organic binder, and then fired. The finng 
atmosphere in the method (iv) should be an atmosphere which supplies a sufficient amount of oxygen, such as in air^ 
When an air atmosphere is used as the firing atmosphere., the heating step for removing an organic binder may be 

25 eliminated since an organic binder can be removed during the finng. • 

r0033] When any of the constituting elem ents is replaced by an element having a valency larger than the replaced 
element a positive charge corresponding to the difference of the replacing element with the replaced element ,s ,n 
excess and in order to maintain the electrical neutrality, the negatively charged oxygen (0 "a) is incorporated in a 
necessary amount. The incorporated oxygen impedes arrangement of the cordierite crystal lattice in the regular 

^ manner, so that lattice defects are formed. . 

[0034] When an oxygen vacancy is formed in the unit lattice of cordierite crystal, the amount of oxygen 
Contained in the unit lattice of cordierite cn^tal becomes less than in the unit lattice of cordierite co/stal 
without an oxygen vacancy. Also, the crystal lattice is deformed as the oxygen vacant portion is compressed by 
Which the lattice constant of b, a>.s of the cordierite crystal becomes smaller. On the other hand, when a lattice 

35 defect is formed in the unit lattice of cordierite crystal, the amount of oxygen contained in the ^^^^^^J^ 
cordierite crystal having such a lattice defect becomes more than in the unrt lattice of cordieme crystal having, 
no oxygen vacancy, and the lattice, constant of bo axis of the cordierite crystal is changed. More specifically, when 
an o^gen vacancy is formed and the content of oxygen in the honeycomb structure becomes less ^h^" ^^"/o by we g^^^^^ 
the amount of oxygen contained in the unit cordierite crystal lattice becomes less than 17.2 and the lattice constant 
of b!^is of the cordiente crystal becomes smaller than 16.99. Also, when lattice defect is formed and the content 
of oxygen in the honeycomb structure becomes more than 48% by weight the amount of oxygen contained in the unrt 
S of cordierite cJ^stal becomes more than 17.6 and the lattice constant of axis of the cordierite crystal 

becomes larger than 16.99. , ^. ^ x .. < • 

r00351 As described above, in the present invention, due to oxygen vacancies or lattice defects formed in the 
cordierite crystal lattice, a required amount of a catalyst component can be supported on a cordierite horieycomb 
structure. He^e, since the size of the defects are considered to be in the order of several angstroms or less. the. 
specific surface area cannot be measured by usual specific surface area measuring methods such as the BET method 

using nitrogen atoms. . ^ » ^ r i.u 

r00361 Next a cordierite honeycomb struchjre having a large number of fine cracks m at least one of the 
Amorphous and the crystal phase in the above method (2) is described. The fine cracks are forrrned by 0) apph,ng 
thermal shock or (ii) applying a shock wave, to a cordierite. honeycomb structure, by which the fine clacks a e 
ormed in at least one of the amorphous and the crystal phase and the cordierite honeycomb structure is enabled to 
support a catalyst component The fine cracks should have a width equivalent to or larger than the ion c^ameter of 
catalyst component usually 0.1 nm or more, and a depth of a half or more of the ion diameter of catalyst component 
^ usuaHy 0 05 nm or more, to support the catalyst component. In order to maintain the strength of the honeycomb 
structure, smaller cracks are preferred, usually the width thereof being about lOO nm or less, more preferably about 
10 nm or less. 
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r00371 The method (i) of applying thermal shock is performed by healing a cordierite honeycomb structure 
oSd by r^i cooling. The application of thermal shock is carried out after a cord.ente crystal pnase and an 
ImZhous phase. The application of thermal shock may be performed, either, by preparing cordiente ma^er.a^^ 
?omL the cordierite materials into a shape, heating the shape to remove an organ.c binder and then f, ng .he 
lhape to form a cordierite honeycomb structure, as usual, followed by re-heating the cord.errte honeycomb structure 
to a predetermined temperature and then rapidly cooling the heated cordierite honeycomb structure; o by rap dly 
cooling the cordierite honeycomb structure produced in the usual manner, during the cooling step foHowmg he 
firino step Formation of fine cracks usually occurs if the temperature difference between before and arte r .he 
apid coonng (thermal shock temperature difference) is about 80« or more and the size of the cracks increases along 
^^an inciase in the size of the cracks. However, the thermal shock temperature difference is preferably not 
Ser thLn Lbout ^oo'c since, if the size of the cracks is loo large, A is difficult to maintain the shape of the honeycomb 

Zm^' In a cordierite honeycomb structure, the amorphous phase fe present in the form of laye^ around the 
Systa phase. If thermal shock is applied to a cordierite honeycomb structure by rapid cooling f^f "9 
honeycomb structure, a themial stress corresponding to a thermal shock temperature f -.^^""^t^^^^^^J'T'' 
expa^Jkin coefficient difference between the amorphous and crystal phases occurs near the interface beNveen the 
™hous and cr^t^a^ If the amorphous or crystal phase cannot endure the thermal shock, fine cracks appear. 

T^rtrnt^ o^hrfit' cr^rks' cr be co'ntrolled by the amount of the amorphous Pj;-e pre-Hn Je c^ 
honeycomb structure. Since the fine cracks are formed near the amorphous phase, the amount of the fine cracks 
increases if the amount of the amorphous phase increases. 

0039] The amorphous phase in a cordierite honeycomb structure is considered to be formed by an allcali metel • 
Lment or an alkaline earth metal element, which is contained in a small amount in the cord.ente ^a'^"-'-. -^'^J 

e emel as impurities contained the cordierite materials., and. usually, more than 0.05% by weight the total of 
the 4an metaT element and alkaline earth metal element is sufficient. Such an alkali metal element or alkaline eartti 
meta eler^er^t may be added as a compound containing an alkali metal element or alkaline earth metal element, for 
Txamf^^ as an oxide, hydroxide, carbonate, etc. thereof in the step of preparing the cordierite material. 
ro040] in place of the them,al shock, the method (ii) of applying a shock wave may be ^^^^ 
Sacks in an arSorphous or crystal phase. In this case, when the energy of the shock wave exceeds the strength of 
weak Dortfons o? a honeycor^ structure, fine cracks are formed. The means for providing a shock v^ave include 
uTasounS wav^! vibration, etc. and the amount of the formed fine cracks can be controlled by the energy, etc. of 

r004'lT'Tis possible that fine cracks may be additional^ fom,ed to at least one of amorphous and costal 
phases of a co dierite honeycomb structure by the method (2), in which oxygen vacancies or '^tt'ce defects have been 
formed in cordierite crystal lattice by the method (1). In this case, after a cord.ente honeycomb -trudu re having 
oigen vacancies or lattce defects and having an oxygen content of less than 47% by weight or rn^re ^^j^n 48% 
w^ght and a lattice constant of crystal axs bo of larger or smaller than ^^^^^ . formed b ^" 9 ,n me^hod J^U 
a thermal shock or shock wave is applied to the honeycomb structure by the method (2) to obtain a <=ofaierrte 
honeycomb s°mcture having at least ones of oxygen vacancies or lattice defects as well as a.large number of fine 
■ cracts To support" required amount of a catalyst component, it is sufficient to have a total number of the oxygen 
fancies lattice defects and fine cracks of 1 x io'a/l or more, preferab^ 1 ^ 10"./! or more. The application of a 
shock wave of method (2) can induce fine cracks in amorphous and/or crystal phases. 

ro0421 Next the method (3), a liquid phase process, of dissolving constituting elements or impuntes of 
orSte to fo mvlcancies in a cordier^e honeycomb structure, is now described. The vacancies are formed by 
disoMna a metal element such as Mg or Al in the cordierite crystal, an alkah metal element or alkaline earth 
S eemenrctr^tai^ed in the amorphous phase, or an amorphous phase «self. into a high temperature and high 
preiure waSr. a super crrtical fluid, an alkali solution or the like. A catalyst component can be supported on the 
fine pores formed by the above vacancies of elements, etc. 

[0043] A cordierite honeycomb stmcture is first formed by. a usual process, i.e., by preparmg cord.ente 
materials containing S Al and Mg sources, forming the cordierite materials into a shape, heabng the shape to 
Tem^ve an oSni^ binder, and firing the shape. The thus produced cordierite honeycomb structure « then "nmersed n 
a h^h temperature and high pressure water, a super critical fluid or an alkali solution. As a result, metal 
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elements such as Mg or Al in the cordierite c^stai, alkali metal element and all<aline earth metal elements 
contained in the amorphous phase, or the amorphous phase Itself are dissolved to form fine pores, i he size of the 
fine pores can be controlled by the temperature of the solution, the pressure, the solvent, etc. Specifically, high 
temperature and high pressure water, at 10 MPa and 300°C. a super critical fluid of CO, or the like, and a soluton 
such as an alkali solution, for example, sodium hydroxide, are used. By adding an alkali metal element or an 
alkaline earth metal element to cordierite materials, It is possible to form an amorphous phase, by which the amount 
of the fine pores can be also controlled. 

[0044] The method (4) a vapor phase method, of chemically or physically forming vacancies in a cordierite 
honeycomb structure is described. Fine pores are formed by dry etching or sputter etching a cordiente honeycomb 
structure in the dry etching, a reaction gas is excited by discharging the reaction gas by radio frequency energy or 
others The reaction gas reacts with Si, Al and/or Mg of the cordierite-constituting elements to form volatile 
substances which are volatilized and evacuated, by which the cordierite is etched. The thus chemically etched 
vacancies constitute fine pores on which a catalyst component can be supported. The reaction gas may be CF„ etc.. 
which reacts with the cordierite-constituting elements to form volatile substances such as SuF, etc. The level of the 
dry etching can be controlled by the etching time period, the kind of the reaction gas, the supplied energy, etc. 
r00451 In the soutter etching, a cordierite honeycomb structure is placed in a plasma of Ar. etc., which is 
excited by radio frequency wave, etc.. by which the Ar ions, etc. bomb the surface of the cordierite to sputter 
atoms or masses of pluralities of atoms of the cordierite-constituting elements, thus sputter etching the 
cordierite The thus physically etched vacancies constitute fine pores where a catalyst component can be supported. 
The level of the sputter etching can be controlled by the etching time period, the kind of the excited gas, the 

supplied energy, etc. . ^ w ■ <. • ^ 

[0046] Next the method (5) of incorporating an oxygen storage substance in a cordierite honeycomb structure is 
described. A substance capable of storing oxygen, for example, CeO,, incorporates and releases oxygen in the 

reversible reaction represented by the following formula 

2Ce02 CejOj + 1/2 Oj 

in accordance with the change in the oxygen concentration in the atmosphere. That is, when the oxygen concentration 
in the atmosphere is high, the valence of Ce is +4, but when the oxygen concentration in the atmosphere is low. ttie 
valence of Ce becomes +3. by which, due to unbalanced electrical neutrality caused by the change in the valency, the 
oxv.gen storage substance releases or incorporates oxygen to maintain the electrical neutrality. Such a" o><ygen 
stoi^ge substance is used as a co-catalyst in a three way converter catalyst in which oxygen is incorporated and 
released depending on the change in the concentration of oxygen in an exhaust gas to control the air-to-fuel ratio 
to near the theoretical air-to-fuel ratio. 

r0047] If cerium, Ce, which can take a plurality of valencies, is substituted for a cordiente-constrtuting 

element In a cordierite honeycomb structure, in order to complement the change of the valency, as in the method (1) 
an excess or deficiency of oxygen, is caused to form an oxygen vacancy or lattice defect in the cordierite crystal 
lattice The oxygen vacancy or lattice defect results In fine pores allowing catalyst support and providing the 
cordierite honeycomb structure with the oxygen storage capacity. That is. without a coating of Y-alumina. a catalyst 
component can be directly supported and, without separately supporting a co-catalyst, an oxygen storage capacity is 
provided. In order to provide the oxygen storage capacity, the content of CeO, in a cordierite honeycomb structure is 
desirably made in a range of 0.01 % by weight or less. 

[0048] m order to obtain a cordierite honeycomb structure containing CeOj. Ce is substituted for some of at 
least one of Si Ai and Mg elements constituting the cordierite: The substitution may be in the same rrianner as in 
the method (1)' and can be made by using cordierite materials in which a compound containing Ce in place of Si. Al 
or Mg Is substituted for some of the Si, Al and Mg sources. Since Ce has a valence of +4 m air, if Ce is 
substituted for Mg (+2) or Al (+3) having a smaller valence, a lattice defect is formed as in the similar manner as 
in the above (iv). and even if Ce is substituted for Si (+4). an oxygen vacancy is formed since some of Ce has a 

valence of +3. . ._ ■ * i ^ 

f00491 Thus by using Ce as a substituting element, a cordierite honeycomb structure having a catalyst 
supporting capability and an oxygen storage capacity can be obtained. If CeO, is supported as a co-catalyst. CeO, may 
be thermally deteriorated and result in grain growth, lowering the oxygen storage capacity. However, if CeO, ,s 
incorporated in the cordierite structure, no grain growth occurs and the oxygen storage capacity is not deteriorated. 
rOOSOl After the cordierite honeycomb structure is fired, a thermal shock or shock wave may be applied as in the 
above method (2) to form fine cracks. This increases the number of the fine pores improving the catalyst supporting 
capability Alternatively, in combination with the method, elements other than Ce may be used, or the finng 
atmosphere may be controlled, to control the number of oxygen vacancies and lattice defects formed. . . 
[0051] A co-catalyst having an oxygen storage capacity such as CeOj may be additionally supported on a 
cordierite honeycomb structure in which the catalyst supporting capability has been provided by the above methods (1) 



Page: 8 



EP 1 043 067 A2 

to (4). In this case, since the co-catalyst can be supported without coating Y-alumina and uTllizing fine pores of the 
catalyst supporting capability, a cor6\ehte honeycomb structure having a catalyst supporting capability and an 
oxygen storage capacity can be easily obtained. Supporting a co-catalyst having an oxygen storage capacity may be 
done by supporting a precursor of a co-catalyst such as an ion or a complex thereof followed by heat treatrr.ent 

5 [0052] The cordierite honeycomb structure having a catalyst supporting capability, as produced by the above 
methods, may be preferably used as a ceramic support used for a catalyst for cleaning an exhaust gas of an internal 
combustion gas. In this ceramic support, 0.1 g/1 or more of a catalyst component can be supported on the fine pores 
of the cordierite honeycomb structure without a coating of V-alumina, so that a catalyst-ceramic body having a low 
thermal capacity, a high thermal shock resistance and a low pressure loss can be obtained. The catalyst metal 

10 component may be at least one of metals having a catalyst activity and metal oxides having a catalyst activity. The 
metals having a catalyst activity include noble metals such as Pt, Pd and Ph and the metal oxides having a catalyst 
activity include oxides. containing at least one metal of V, Nb, Ta, Cr, Mo. W, Mn, Fe, Co. Ni, Cu, 2n, Ga, Sn, Pb, etc. 
[0053] The methods for supporting a catalyst component include the liquid phase methods, in which a catalyst 
component is dissolved in a solvent and impregnated into a cordierite honeycomb structure to support the catalyst 

t5 component in the fine pores such as defects and cracks, and the vapor deposition methods such as CVD and PVD, as 
well as other methods including use of a super critical fluid. It is preferred to use a vapor phase deposition 
methods or a method using a solvent such as a super critical fluid which can be infiltrated into deep inside the 
fine pores, since the fine pores such as defects or cracks formed in the cordierite honeycomb structure are very 
fine. In the liquid phase methods, although water may be used as the solvent, a solvent having a smaller surface 

20 tension than water, for examplej an alcohol solvent such as methanol is preferred. By using a solvent having a 
smaller surface tension than water, the solution can be sufficiently infiltrated into the fine pores. In this case, 
if the infiltration is performed while vibration is applied or vacuum defoaming is carried out, the solvent qan be 
more easily introduced into the fine pores. Further, a catalyst component may be supported on a ceramic support by a 
plurality of supporting steps using the same- or different compositions until a necessary amount of the catalyst 

25 component is supported. These methods may be effectively used to support a catalyst component in an amount of 0.5 
gA or more. 

[0054] The catalyst-ceramic body of the present invention obtained by the above process is a catalyst-ceramic 
body excellent in cleaning performance, which supports a required amount of a catalyst component directly thereon 
• with a narrow space therebetween, without a coating of Y-alumina. Specifically, a catalyst component may be 

30 supported until the content of the metal element in the catalyst-ceramic body supporting the catalyst component, 
becomes 0.01% by weight, and the average space between the catalyst component particles {particles of catalyst 
component ion and catalyst metal, etc.) supported on the catatyst-ceramic body is as small as 0.1 to 10O nm. This 
means that with the same supporting amount of a catalyst component, the particle size of the catalyst component 
particles become smaller and the number thereof larger, which results in a denser distribution of the catalyst 

35 component on the entire surface of the ceramic support and the catalyst exhibits its performance more effectively. 

[0055] Moreover, in the present invention, a metal having . a catalyst captivity may be substituted for a 
constitutional element of a cordierite honeycomb structure, to obtain a catalyst-ceramic body. In this case, 
cordierite materials in which some the Si, Al and Mg sources are replaced by a compound containing a metal having a 
catalyst activity, preferably a noble metal such as Pt, Pd or Rd. in. place of Si. Al or Mg of the cordierite- 

40 constituting elements, are used. Such cordierite materials are formed into a shape, heated to remove an organic 
binder and then fired to form a ceramic catalyst body. The firing atmosphere may be a reducing pressure atmosphere 
having a pressure of 4000 MPa or less, a reducing atmosphere such as a hydrogen atmosphere, or an oxygen- 
containing or an oxygen-free atmosphere, if a metal having an oxygen storage capacity such as Ce is used also as a 
substituting metal, in addition to a metal having a catalyst activity, the catalyst-ceramic body can support a 

45 catalyst component as well as a co-catalyst having an oxygen storage capacity. 

BRIEF DESCRIPTION OF THE DRAWING 
[0056] 



50 



Fig. 1 shows a cordierite honeycomb structure wherein the reference numeral 1 denotes a cordierite honeycomb 
structure. 2 cells of flow channel, and 3 the direction of flow channel. 



55 EXAMPLES 
(Example 1) 
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[0057] In Example 1. as the cordierite materials, talc, kaolin, alumina and aluminium hydroxide were used and 
formulated into a near theoretical cordierite composition. The cordierite materials were added with appropriate 
amounts of a binder a lubricant and a humidicant, kneaded to a clay-like materia! and extruded to form a honeycomb 
shape having a cell wall thickness of 100 pm. a cell density of 400 cpsi (cells per square inch) and a diameter of 
5 50 mm. The honeycomb shape was dried by heating, in air. up to 800X to remove the binder, and then fired by 
reducing the pressure to 6.7 x lO'^a Pa (5 ^ lO'^a Torr) and keeping the honeycomb shape under that pressure at 
ISQC'C for 2 hours, to obtain a honeycomb structure. 

[0058] The obtained honeycomb structure was evaluated in the oxygen content of the honeycomb structure, the 
number of oxygen contained in the unit lattice of the cordierite crystal, the lattice constant of the bo axis of the 
^0 cordierite crystal the amount of Pt supported on the honeycomb structure (see below), the thermal expansion 
coefficient in the direction of the flow channel and the compressive, strength in the direction of the flow channel. 
The results are shown in Table 1 . 

[0059] The oxygen content of the honeycomb structure was measured by a simultaneous oxygen and nitrogen 
analyser The number of oxygen contained in the unit lattice of the cordierite crystal was calculated from the amount 
^5 of oxygen contained in the honeycomb structure. The lattice constant of the bo axis of the cordierite crystal was 
obtained from the positions of diffraction peaks of (020) plane of the cordierite unit crystals by the powder X-ray 
diffraction, using the (112+) plane of MnPs as the reference by adding Mn.Oj to the measured sample for correction 
of the positions of the diffraction peaks. 

[0060] The amount of R supported on the honeycomb structure was measured using X-ray fluorescence 
2^ spectroscopy by supporting a catalyst comoonent on the honeycomb structure and pulverizing the honeycomb structure 
supporting the catalyst component. The supporting of Pt as the catalyst component was done by preparing a solution 
of chloroplatinic acid in water or ethanol in a concentration of 0.1 mol/l, immersing the honeycomb structure in the 
solution, drying, and firing or heating the immersed honeycomb structure in air at 800X for 2 hours. 
[0061] ' The thermal expansion coefficient in the direction of the now channel was measured using a pressing bar- 
type thermal expansion meter as the average thermal expansion coefficient from 25X to 800°C. The compressive 
strength in the direction of the flow channel was determined by cutting out a cylinder of the honeycomb structure 
with a diameter of 1 inch and a length of 1 inch and applying a load to the cylinder in the direction of the flow 
channel until the cylinder was broken, the pressure at breaking being used as the compressive strength. 
[0062] For comparison a cordierite honeycomb structure was produced in the same manner as above except that 
the honeycomb shape was fired in air at 1390^C for 2 hours, which is Comparative Example L This cordierite 
honeycomb structure was evaluated similarly and the results are also shown in Table 1 . • 

[0063] In comparison with Comparative Example 1, the cordierite honeycomb structure fired in a reduced pressure 
atmosphere had a reduced content of the honeycomb structure, a reduced amount of oxygen contained in the unit 
lattice of the cordierite crystal, and a smaller lattice constant of the bo axis of the cordierite crystal. It is clear that 
oxygen left the cordierite crystals and oxygen vacancies were formed. 

[0064] With respect to the amount of the supported Pt. only a very small amount of Pt. too small to be detected, 
was supported on the cordierite honeycomb structure in both the cases where water and ethanol were used as the 
solvent in Comparative Example 1. In Example 1. in contrast. Pt was supported in an amount of 1.00 g/l in the case 
of water and 13 79 g/l in the case of ethanol. It is clearly shown that Pt can be supported in a sufficient amount 
on the honeycomb structure of Example 1. Further, the reason why the amount of the supported Pt is lower in the case 
of water as the solvent is because, with a solvent having such high surface tension as water, the Pt solution cannot 
come close to the oxygen, and vacancies and Pt ions are difficult to incorporate into the oxygen vacancies. 
[0065] Further, in Example 1. the thermal expansion coefficient in the direction of the flow channel was 
45 0 92 X 10-^arC satisfying the requirement of not more than 1.0 x iQ-^a^C required for a catalyst support, and the 
compressive strength in the direction of the flow channel was 11.92 MPa. exceeding the 10 MPa required for a 
honeycomb structure to endure a load for assembling into a catalyst converter. 

[0066] The oxygen vacancies of the honeycomb structure of Example 1 were obsen/ed by Transmission Electron 
' Microscopy (TEM). The size of the oxygen vacancies was about 0.4 nm. Since this size is about four times the diameter 
50 of the Pt ion. about 0.1 nm, these oxygen vacancies are sufficiently large to support Pt ions. 

[0067] The amount of the oxygen vacancies of the honeycomb structure in Example 1 can be calculated as below; 

The amount of the oxygen vacancies of the honeycomb structure in Example 1 corresponds to the difference of the 

content of oxygen between the honeycomb structure produced in Comparative Example 1 and the honeycomb 

structure in Example 1. Since the above difference in the contents was 2,0% by weight, this corresponds to 0.7 
55 oxygen contained in the unit lattice of the cordierite crystal. Since the number of the unit lattices of the 

cordierite ciystal contained in the cordierite honeycomb structure is 2.36 x w^^A, the number of oxygen vacancies 

becomes 1 .65 ^ 1 o^'a/l by the following formula: 
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35 



40 
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(2.36 X 1023/)) X 0.7 = 1.65 x 10^A 



[0068] This number of oxygen vacancies far exceeds the number of fine pores required for a catalyst support, as 
mentioned before, i.e., 1 ^< 10^^^/!, preferably 1 ^ IO^^a/1. 
5 [0069] In contrast, in Comparative Example 1. the cordierite honeycomb structure had a large number of cracks, 

so called microcraci<s, having a size of about several hundreds nanometers. Hovv^ever, the amount of Pt supported on 
the cordierite honeycomb structure in Comparative Example 1 was in such a small amount that the supported R was 
not detected, as mentioned above. It is considered that Pt was not supported on microcracl<s, since the width of the 
microcracks is about a few thousands times the diameter of Pt ion and is too large to support Pt therein in the 
10 supporting step. 



15 



20 



25 



30 



35 



40 



45 



50 



Page: 11 



EP 1 043 067 A2 



10 



15 



20 



25 



30 



35 



40 



45 



50 



(9 



Q 4-1 

c 

£ ^ 
O ^ 



a « 
X o 

9 O 



T3 ^ 
-u 

o ^ 
a 

a -u 
3 c 

O 



C 

^ o 

O -H 

jC r-i 
■JJ O 



C 

W O 

o *^ 
O 3 



C 

« O o 



c 

zoo 



c c 
o o 



s 

C « 

r4 O 



9 

JC 

«3 

O 

iJ S 



04 

(9 

T 

T3 M ^ r-l 
0 3 0* 
O « «a X 
3 01 0 

2 5 



O X 



a 



c « 

Oi ft 

O sf) 

M O 



55 



(E;<ample2) 

[0070] The same cordierite materials as in Example 1 was formed into a honeycomb shape, heated to remove a 
binder and then fired in a hydrogen atmosphere as a reducing atmosphere at 1390^*0 for 2 hours. 



Page; 12 



EP 1 043 067 A2 

[0071] The obtained honeycomb structure was evaluated in the same manner as in Example 1 and the results are 
aiso shown in Table 1. 

[0072] It is clear from Table 1 that in comparison with Comparative Example 1, the cordierite honeycomb 
structure fired in a reducing atmosphere in Example 1 had a reduced content of the honeycomb structure, a reduced 
5 amount of oxygen contained in the unit lattice of the cordierite crystal, and a smaller lattice constant of the bj, axis of 
the cordierite crysteL It is therefore dear that oxygen left the cordierite crystals and oxygen vacancies were 
formed. When Pt was supported on the cordierite honeycomb structure, the amount of the Pt supported was 1.14 g/l in 
the case of water used as the solvent and 14.81 g/l in the case of ethanot used as the solvent The thermal 
expansion coefficient in the direction of the flow channel was 0.99 ^ lO-^a/^C, and the .compressive strength in the 
direction of the flow channel was 1 0.2 MPa, both of which satisfy the requirements. 

[0073] The amount of the oxygen vacancies of the honeycomb structure in Example 2 was aiso calculated. The 
amount of the oxygen vacancies of the honeycomb structure in Example 2 corresponds to the difference of the content 
of oxygen between the honeycomb structure produced in Comparative Example 1 and the honeycomb structure in 
Example 2. Since this difference of the content was 4.5% by weight, this corresponds to 1.7 oxygens contained in the 
unit lattice of the cordierite crystal. Since the number of the unit lattices of the cordierite crystal contained in 
the cordierite honeycomb structure is 2.36 10^a/l, the number of oxygen vacancies becomes 4.01 ^ 10^^a/! by the 
following formuia: 

(2.36 X 1023/!) X 1.7 = 4.01 x 1023/1 

20 

[0074] Thus, in accordance with the present invention, there is provided a cordierite honeycomb structure in 
which fine pores having a size suitable to support a catalyst component are formed in a sufficient number for 
supporting the catalyst component. 

25 (Examples 3 to 6 and Comparative Examples 2 to 7) 

[0075] In Example 3, SigN^ was used for 10% by weight of the Si source and, talc, kaolin, alumina and aluminum 
hydroxide were used as the other Si, Al and Mg sources to formulate a near theoretical cordierite composition. The 
thus prepared cordierite materials were formed into a honeycomb shape, heated to remove a binder and then fired or 
30 heated at ISQC'^C in an atmosphere having an oxygen concentration of 1% for 2 hours to produce a cordierite 
honeycomb structure. 

[0076] In Example 4, AIF3 was used for 10% by weight of the Al source and talk, kaolin, alumina and aluminum 
hydroxide were used as the other Si, Al and Mg sources to formulate a near theoretical cordierite composition. Using 
these cordierite materials, a cordierite honeycomb structure was produced in the same manner as above. 
35 [0077] in Example 5. MgCl2 was used for 10% by weight of the Mg source and talc, kaolin, alumina and aluminum 
hydroxide were used as the other Si, Al and Mg sources to formulate a near theoretical cordierite composition. Using 
these cordierite materials, a cordierite honeycomb structure was produced in the same manner as above. 
[0078] The obtained cordierite honeycomb structures were evaluated in the same manner as in Example 1, The 
results are shown in Table 2. 

' [0079] For comparison, cordierite honeycomb shapes were made using the same cordierite materials as in 

Examples 3 to 5 and were fired in an atmosphere having an oxygen content of 3% or 12%. These were made as 
Comparative Examples 2 to 7. The obtained cordierite honeycomb structures were evaluated in the same manner as in 
Example 1. The results are shown in Table 2. 

[0080] As seen in Table 2, In comparison with Comparative Examples 2 to 7. the cordierite honeycomb structures 
produced by firing in an atmosphere having an oxygen concentration of 1% in Examples 3 to 5 had a reduced oxygen 
content of the honeycomb structure, a reduced number of the oxygen contained in the unit lattice of the cordierite 
crystal, and a smaller lattice constant of the bo axis of the cordierite crystal. It is therefore clear that oxygen 
vacancies were formed. 

[0081] When Pt was supported on the cordierite honeycomb structures of Examples 3 to 5, Pt was supported in an 
amount of 0.21 to 0.35 g/! in the case of water as the solvent and in an amount of 2.88 to 3.44 g/l in the case of 
ethanpl. The thermal expansion coefficient in the direction of the flow channel was 0.89 to 0.94 x ^Q■^^rc, and the 
compressive strength in the direction of the flow channel was 12.8 to 14.3 MPa, both of which satisfy the requirements. 
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(Examples 6 to 10) 
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[0082] In Examples 6 to 8, cordierite honeycomb" structures were produced in the same manner as in Examples 3 
to 5, except that the used firing atmosphere was a reduced pressure atmosphere having a pressure of 6.7 to 1 0'^'a Pa 
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(5 X Torr). 

[0083] In Examples 9 and 10. cordierite honeycomb structures were produced in the same manner as in Example 

5, except that the used firing atmosphere was a hydrogen atmosphere as a reducing atmosphere. The obtained 
cordiecite honeycomb structures were evaluated in the same manner as in Example 1. The results are also shown in 
Table 2. 

[0084] As seen in Table 2, in comparison with Comparative Examples 2 to 7, the cordierite honeycomb structures 
produced in Examples 6 to 10 had a reduced oxygen content of the honeycomb structure, a reduced number of the 
oxygen contained in the unit lattice of the cordierite crystal, and a . smaller lattice constant of the axis of the 
cordierite crystal. It is therefore clear that oxygen vacancies were formed. When Pt was supported, Pt was supported 
in an amount of 1.01 to 3.10 g/l in the case of water as the solvent and in an amount of 5.56 to 14.62 g/1 in the 
case of ethanol. The thermal expansion coefficient in the direction of the flow channel was 0.85 to 0.98 ^ lO'^a^C, and 
the compressive strength in the direction of the flow channel was 10.7 to 15.1 MPa, both of which satisfy the 
requirements. 

(Examples 11 to 18) 



[0085] in Examples 11 and 12, FejOs or Cb^O^ was used for 10% by weight of the Si source, and talc, kaolin, 
alumina and aluminum hydroxide were used as the other Si, Al and Mg sources to formulate a near theoretical 
cordierite composition. The thus prepared cordierite materials were formed into a honeycomb shape, heated to remove 
a binder and then fired at 1390°C in an air atmosphere for 2 hours to produce a cordierite honeycomb structure. 
[0086] The obtained cordierite honeycomb structures were evaluated in the same manner as before. The results 
are shown in Table 3. 

[0087] In Examples 13 and 14, Ge02 or M0O3, as an oxide or an element having a valence larger than Al, was 
used for 10% by weight of the Ai source, and talc, kaolin, alumina and aluminum hydroxide were used as the other Si, 
Al and Mg sources to formulate a near theoretical cordierite composition. The thus prepared cordierite materials 
were formed into a honeycomb shape, heated and then fired in the same manner as in Example 11. 
[0088] In Examples 15 to 18, FejOg, GajOj, GeOj or M0O3, as an oxide of an element having a valence larger 
than Mg, was used for 10% by weight of the Mg source, and talc, kaolin, alumina and aluminum hydroxide were used as 
the other Si, AI and Mg sources to formulate a near theoretical cordierite composition. The thus prepared cordierite 
materials were formed into a honeycomb shape, heated and then fired in the same manner as in Example 1 1. 
[0089] The obtained cordierite honeycomb structures were evaluated in the same manner as before. The results 
are also shown in Table 3. 

[0090] In Table 3, in comparison with Comparative Example 1 , the cordierite honeycomb structures of Examples 1 1 
35 and 12, in which some Si was replaced by an element having a smaller valence than SI, had a reduced oxygen content 
of the honeycomb structure, a reduced number of the oxygen contained in the unit lattice of the cordierite crystal, 
and a smaller lattice constant of the bo axis of the cordierite crystal. It is therefore clear that oxygen vacancies 
were formed. When Pt was supported, Pt was supported in an amount of 0.15 to 0.23 g/l in the case of water as the 
solvent and in an amount of 2.62 to 5.31 g/l in the case of ethanol. The thermal expansion coefficient in the direction 
40 of the flow channel was 0.86 to 0.89 ^ 10*®a/**C, and the compressive strength in the direction of the flow channel 
was 12.5 to 16.7 MPa, both of which satisfy the requirements. 

[0091] In comparison with Comparative Example 1, the cordierite honeycomb structures of Examples 13 to 18, in 
which some cordierite-constituting elenrient Al or Mg was replaced by an element having a larger valence than Al or Mg, 
had an increased oxygen content of the honeycomb structure, an increased number of the oxygen contained in the unit 
45 lattice of the cordierite crystal, and a varied lattice constant of the bo axis of the cordierite crystal. It Is therefore 
clear that lattice defects were formed. When R was supported, R was supported in an amount of 0.27 to 1.24 g/l in 
the case of water as the solvent and in an amount of 0.67 to 3.69 g/l in the case of ethanol. The thermal expansion 
coefficient in the direction of the flow channel was 0.57 to 0.95 ^ lO'^a/'C, and the compressive strength in the 
direction of the flow channel was 10.8 to 14.8 MPa, both of which satisfy the requirements. 



(Examples 19 to 22) 



[0092] In Examples 19 and 20, cordierite honeycomb structures were produced in the same manner as in 
Examples 1 1 and 12, except that the used firing atmosphere was a reduced pressure atmosphere having a pressure of 

6.7 to 10-^a Pa (5^1 0-®a Torr). 

[0093] In Examples 21 and 22, cordierite honeycomb structures were produced in the same manner as in 
Examples 11 and 12. except that the used firing atmosphere was a hydrogen atmosphere as a reducing atmosphere. 
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[0094] The obtained cordierite honeycomb structures were evaluated in the same manner as in Example 1 The 
results are also shown in Table 3. 

[0095] As seen in Table 3, in comparison with Comparative Example 1, the cordterlte honeycomb structures 
produced in Examples 19 and 20 had a reduced oxygen content of the honeycomb structure, a reduced number of the 
5 oxygen contained in the unit lattice of the cordierite crystal, and a smaller lattice constant of the bg axis of the 
cordierite crystal. It is therefore clear that oxygen vacancies were formed. When Pt was supported, Pt was supported 
in an amount of 0.25 to 0.68 g/l in the case of water as the solvent and in an amount of 2.77 to 10.15 g/1 in the 
case of ethanol. The thermal expansion coefficient in the direction of the flow channel was 0.91 to 0.98 ^ lO'^a/^C, and 
the compressive strength in the direction of the flow channel was 10.0 to 11.0 MPa, both of which satisfy the 
requirements. 

(Examples 23 and 24) 

[0096] In Example 23, a cordierite honeycomb structure was produced in the same manner as in Example 11, 

except that the used firing atmosphere was a nitrogen atmosphere having an oxygen concentration of 0%. 

[0097] In Example 24, a cordierite honeycomb structure was produced in the same manner as in Example 11. 

except that the used firing atmosphere was an oxygen atmosphere having an oxygen concentration of 100%. 

[0098] The obtained cordierite honeycomb structures were evaluated in the same manner as before. The results 

are also shown in Table 3. 

[0099] In comparison with the cordierite honeycomb structures in Comparative Example 1, the cordierite 
honeycomb structures prepared in Examples 23 and 24, where a porHon of the cordierke constituting element Si was 
replaced by an element having a smaller valence than Si. had a reduced oxygen content of the honeycomb structure, a 
reduced amount of oxygen contained in the unit lattice of the cordierite crystal, and a smaller lattice constant of 
2^ the bo axis of the cordierite crystal. It is therefore clear that oxygen vacancies were formed in the cordierite crystals. 
Here, when Examples 23 and 24 are compared, the characteristics of the obtained cordierite honeycomb structures are 
not very different from each other, although the oxygen concentration was different in these Examples. Therefore, it 
may be concluded that the oxygen concentration of an oxygen atmosphere does not have an effect on the 
characteristics of the cordierite honeycomb structure. 

[0100] When Pt was supported on the cordierite honeycomb structure, the amount of Pt supported was 0.20 to 
0.25 g/l in the case of water as the solvent and 3.01 to 4.98 g/l in the case of ethanol as the solvent The thermal 
expansion coefficient was 0.85 to 0.90 ^ lO'^a/'C and the compressive strength was 12.4 to 16.6 MPa, both of which 
satisfy the requirements. 
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(Examples 25 to 36) 



[0101] As the cordierite materials, talc, kaolin, alumina and aluminium hydroxide were used and formulated into 
a near theoretical cordierite composition. In the same manner as in Example 1, the cordierite materials were added 
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to a binder, a lubricant and a humidicant in appropriate amounts, formed into a honeycomb shape, and then fired in 
air at ISQC^C for 2 hours, to obtain a honeycomb structure. 

[0102] After the cordierite honeycomb structure was cooled to room temperature, the obtained cordierite 
honeycomb structure was subjected to a thermal shock by heating the honeycomb structure up to a temperature of the 

5 sum of the room temperature plus an intended thermal shock temperature difference followed by dropping the heated 
honeycomb structure into water The thermal shock temperature difference was varied in a range of 150 to 900°C in 
Examples 25 to 30 as shown in Table 4. 

[0103] Also, in Examples 31 to 36. in the course of cooling from the firing temperature of 1390°C above, when 
the cordierite honeycomb structure was cooled to a temperature of the sum of the room temperature plus an intended 
thermal shock temperature difference, air was blown to the honeycomb structure in the direction of the flow channel 
to provide a thermal shock to the honeycomb structure. The thermal shock temperature difference was varied in a 
range of 150 to QOO'C in Examples 31 to 36 as shown in Table 4. 

[0104] The honeycomb structures after the thermal shock were observed by TEM, It was confirmed that fine cracks 
having a width of 10 nm or less were formed in a large number at interfaces between th'e cordierite crystal phases 
and the amorphous phases. 

[0105] The Pi supporting amount, the thermal expansion coefficient and the compressive strength in the 
direction of the flow channel of the honeycomb structures were? evaluated. The results are shown in Table 4. 
[0106] As seen in Table 4, the R supporting amount was in a range of 0.88 to 1.64 g/l in the case of water as 
the solvent and in a range of 3.18 to 4.77 g/l in the case of ethanol, which indicates that supporting R was made 
possible by the fine cracks. The thermal expansion coefficient was 0.28 to 0.39 ^ lO-^a^C, and the compressive 
strength in the direction of the flow channel was 13.0 to 17.0 MPa. both of which satisfy the requirements. 



Table 4 



25 
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Temperature 

difference of thermal 
shock fC) 
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(Examples 37 to 39) 

5 

[0107] In Example 37, Ga203, an oxide of an element having a smaller valence than Si, was used for 10% by 
weight of the Si source, and talk, kaolin, alumina and aluminum hydroxide were used as the other Si. Al and Mg 
sources to formulate a near theoretical cordterite composition. The thus prepared cordierite materials were formed 
into a honeycomb shape, heated to remove a binder and then fired at 1390**C in an air atmosphere for 2 hours to 

10 produce a cordierite honeycomb structure, in the same manner as in Example 1. 

[0108] The obtained cordierite honeycomb structure was cooled to room temperature and re-heated to 320°C, at 
which temperature the re-heated honeycomb structure was dropped into water for rapid cooling or applying a thermal 
shock. Pt was supported onto the thus treated honeycomb structure by CVD. While a carrier gas of nitrogen was flowed 
at 20 l/min, platinum acetylacetonate was heated and sublimated at 180**C, to adsorb Pt on the honeycomb structure 

15 for 1 hour and the honeycomb structure was then heat-treated in air at SOO^C for 2 hours. The amount of Pt supported 
on the obtained honeycomb structure was measured to be 1 .22 qA. 

[0109] In Examples 38 and 39, GeO^. an oxide of an element having a larger valence than AI, was used for 10% 
by weight of the Al source, and talk, kaolin, alumina and aluminum hydroxide were used as the other Si, Al and Mg 
sources to formulate a near theoretical cordierite composition. The thus prepared cordierite materials were formed 
20 into a honeycomb shape, heated to remove a binder and then fired at 1390^*0 in an air atmosphere for 2 hours to 
produce a cordierite honeycomb structure, in the same manner as in Example 1. (n the course of cooh'ng from the 
firing temperature of 1390°C, the honeycomb structure, when the temperature became 320'C. was dropped into water 
(at 20^0) to apply a thermal shock. 

[0110] In Example 38, Pt was supported onto the obtained honeycomb structure by PVD. specifically sputtering. 
25 The target was Pt, the sputtering gas was Ar, the reaction pressure was 1.3 Pa, the radio frequency was 1 3.56 MHz, 
the supplied power was 100W and the sputtering time period was 10 minutes. In Example 39, Pt was supported onto 
the obtained honeycomb structure using ia. super critical fluid. The super critical fluid used was CO2 in which the 
honeycomb structure was immersed for 5 minutes. The amount of the supported Pt was 1.01 g/l in Example 38 and 
1.55 g/l in Example 39. 

[0111] Table 5 shows the characteristics of the honeycomb structures in Examples 37 to 39, evaluated in the same 
manner as described before. It is seen in Table 5 that oxygen vacancies were formed because of its oxygen content, 
number of oxygen and lattice constant in Example 37, and lattice defects were formed because of their oxygen content, 
number of oxygen and lattice constant in Examples 38 and 39. . 

[0112] When the honeycomb structures of Examples 37 to 39 were obsenyed by TEM, a large number of fine 
cracks having a width of several nanometers or less were formed near the interfaces between the cordierite crystal 
phases and the amorphous phases of the honeycomb structure. Therefore, it is seen that when a cordierite- 
constituting element is replaced by an element having a different valence and a thermal shock is applied, both, the 
fine pores by the oxygen vacancies or lattice defects as well as the fine pores by the fine cracks are formed. . 
[0113] In Examples 37 to 39,. the thermal expansion coefficient was 0.59 to 0.75 ^ 1 0*^a/'C, and the compressive 
strength in the direction of the flow channel was 10.1 to 10.6 MPa, both of which satisfy the requirements. 
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(Examples 40 to 42) 

[0114] In Example 40, talc, kaolin, alumina and aluminum hydroxide were used as the Si. Al and Mg sources and 
were formulated into a near theoretical cordierite composition and the cordierite materials were further added with 
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0.05% by weight of NaC03 as a compound of an alkali metal element. The prepared cordierite materials were formed 
into a honeycomb shape, heated to remove a binder and then fired at ISGO^C in an air atmosphere for 2 hours to 
produce a cordierite honeycomb structure, in the same manner as In Example 1. The obtained cordiente honeycomb 
structure was rapid cooled to room temperature by dropping into water (at 20''C) from 320"'C in the course of cooling 
5 from the firing at 1390°C to apply a thermal shock. 

[0115] Example 40 was repeated to produce a cordierite honeycomb structure, but the firing was carried out in a 
reduced pressure atmosphere having a pressure of 4000 MPa in Example 41 and in a reducing atmosphere of a 
hydrogen atmosphere in Example 42. The obtained cordierite honeycomb structures were cooled to room temperature 
(25°C) and then re-heated to 325''C and air was blown to apply a thermal shock. 

[0116] The obtained honeycomb structures were measured for their thermal expansion coefficient and compressive 
strength. The results are shown in Table 6. In Examples 40 to 42, the thermal expansion coefficient was 0.42 to 
0.58 >^ ^Q'^a^C, and the compressive strength in the direction of the flow channel was 10.8 to 12.1 MPa. both of 
which satisfy the requirements. 

[0117] When the honeycomb structures of Examples 40 to 42 were observed by TEM, a large number of fine 
cracks having a width of several nanometers or less were formed near the interfaces between the cordierite crystal 
phases and the amorphous phases of the honeycomb structure. 

[0118] The honeycomb structures of Examples 40 to 42 were immersed in a solution of 0.07 mol/l-chloroplatinic 
acid and 0.05 mol/1-rhodium chloride in ethanol while applying an ultrasonic wave for 10 minutes. The honeycomb 
structures were then blown with an airflow under 1 ^ 10*^a Pa (1 kgf/cm^a) to dry and then fired in air at 800°C for 
2 hours. The thus Pt supported honeycomb structures were subjected to X-ray fluorescence spectroscopy to analyze 
the supported amounts of Pt and Rh. The honeycomb structure of Example 40 supported 1.2 g/l of Pt and 0.2 g/I of Rh, 
Example 41 supported 1.3 g/l of Pt and 0.3 g/l of Rh, and Example 42 supported 1.1 g/l of Pt and 0.2 g/l of Rh, 
[0119] For comparison, Pt and Rh were similarly supported on the honeycomb structures of Examples 29 and 35, 
25 in which a thermal shock was applied but Na2C03 was not added. The honeycomb structure of Example 29 supported 
0.7 g/l of Pt and 0.2 g/l of Rh and Example 35 supported 0.5 g/l of Pt and 0.2 qA of Rh, which are less than the 
amounts of the supported Pt and Rh in Examples 40 to 42. It is considered that in Examples 40 to 42, more fine 
cracks were formed by the thermal shock because the amorphous phase was increased by addition of NajCOg. 
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NajCOg: 0.5 wt% 
addition 

Reduced pressure 
atmosphere 


45 














Re-heating 




Example 
42 


300 


1.1 


0.2 


0.52 


1G.8 . 


NajCO-j: 0.5 wt% 
addition 

Firing in 


50 














reducing 
atmosphere 

Re-heating 




Example 




1.9 


0.2 


0.38 


10.6 


Firing in air 




43 












Ultrasonic wave 


55 
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(Example 43) 

5 [0120] As the cordierite materials, talc, kaolin, alumina and aluminium hydroxide were used and formulated into 
a near theoretical cordierite composition. In the same manner as in Example 1. the cordierite materials were added 
to a binder, a lubricant and a humidicant in appropriate amounts, formed into a honeycomb shape, and then fired in 
air at 139Q°C for 2 hours, to obtain a honeycomb structure. A shock wave of a focused ultrasound with a frequency of 
29 kHz and a power of 100W was applied to the obtained honeycomb structure. In the same manner as in Examples 40 

10 to 42. catalyst components (Pt and Rh) were supported on the obtained cordierite honeycomb structure and the 
amounts of the supported R and Rh were measured. Also, the thermal expansion coefficient and the compressive 
strength in the direction of the flow channel were measured. The results are shown in Table 6. 

[0121] As seen In Table 6, the amount of the supported R was 1.9 g/l and the amount of the supported Rh was 
0.2 g/1. 

^5 [0122] The thermal expansion coefficient was 0.38 ^ 10-^a/°C, and the compressive strength in the direction of 
the flow channel was 10.6 MPa, both of which satisfy the requirements. 

[0123] By obsen/ing the honeycomb structure, it was confirmed that fine cracks having a width .of a few 
nanometers were formed in a large number at interfaces between . the cordierite crystaJ phases and the amorphous 

phases. 

20 

(Examples 44 to 46) 

[0124] As the cordierite materials, talc, kaolin, alumina and aluminium hydroxide were used and formulated into 
a near theoretical cordierite composition. In the same manner as in Example 1, the cordierite materials were added 
to a binder, a lubricant and a humidicant in appropriate amounts, formed into a honeycomb shape, and then fired in air 
at 1 390X for 2 hours, to obtain honeycomb structures. 

[0125] The obtained honeycomb structure was immersed in high temperature and high pressure water at 10 MPa 
and 300*'C for 1 hour In Example 44. Similarly, the obtained honeycomb structure was immersed in super critical fluid 
COo for 30 minutes in Example 45. and in an aqueous solution of sodium hydroxide of 1 mol/1 at 60*C for 5 hours in 
Example 46. 

[0126] The amounts of the supported catalyst components (Pt and Rh), the thermal expansion coefficient and the 
compressive strength in the direction of the flow channel were measured. The results are shown in Table 7. 
[0127] In Examples 44 to 46, the amount of the supported Pt was 1.5 to 2.3 g/l, the amount of the supported Rh 
35 was 0.2 to 0.3 g/l. confirming that fine pores capable to support a catalyst component were formed. The thermal 
expansion coefficient was 0.35 to 0.39 ^ lO'^a/'C. and the compressive strength in the direction of the flow channel 
was 1 1.2 to 12.2 MPa, both of which satisfy the requirements. 



Table 7 



40 


Sample 


Treatment condition 


Catalyst 

supported amount 

(g/L) 


Thermal 
expansion 
coefficient (x 
10-^a/"C) 


Compressive 
strength (MPa) 


Remarks 








Pt 


Rh 








45 


Example 
44 


High temperature and high 
pressure water (1 0 MPa, 
300''C) 


1.5 . 


0.3 


0.39 


11.9 


Firing 
in air 




Example 
45 


Super critical fluid (CO2) 


2.3 


0.3 


0.37 


11.2 


Firing 
in air 


50 


Example 
46 


Aqueous solution of sodium 
hydroxide (1 mol/L, 60"C) 


2.1 


0.2 


0.35 


12.2 


Firing 
in air 
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(Example 47 and 48) 
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[0128] As the cordente materials, talc, kaolin, alumina and aluminium hydroxide were used and formulated into 
a near theoretical cordierite composition. In the same manner as in Example 1, the cordiente materials were added 
with a binder, a lubricant and a humidicant.in appropriate amounts, formed into a honeycomb shape, and then fired in 

5 air at 1 390X for 2 hours, to obtain honeycomb structures. 

[0129] In Example 47, the obtained honeycomb structure was dry etched with CF^. The conditions of the dry 
etching was a CF^ flow rate of 150 ml/min, a reaction chamber pressure of 13.3 Pa, an applied radio frequency of 
13.56 MHz. a supplied power of .300W and an etching duration of 10 minutes. In Example 48, similarly, dry etching was 
carried out with Ar under the conditions of a reaction chamber pressure of 1.3 Pa, an applied radio frequency of 

10 13.56 MHz, a supplied power of 100W and an etching duration of 10 minutes. 

[0130] The amounts of the supported catalyst components {Pt and Rh), the thermal expansion coefficient and the 
compressive strength in the direction of the flow channel were measured. The results are shown in Table 8. 
[0131] In Examples 47 to 48, the amount of the supported Pt was 1.1 to 1.3 g/l, and the amount of the supported 
Rh was 0.2 to 0.3 g/l, confirming that fine pores capable to support a catalyst component were formed. The thermal 
expansion coefficient was 0.45 to 0.46 ^ lO'^a/'C, and the compressive strength in the direction of the flow channel 
was 11.7 to 12.7 MPa, both of which satisfy the requirements. 

[0132] The results of the evaluation of Examples 47 and 48 are shown in Table 8. 



Table 8 



20 


Sample 


Treatment 
condition 


Catalyst supported 
amount (g/L) 


Thermal expansion 
coefficient (X lO-^a^C) 


Compressive 
strength (MPa) 


Remarks 








Pt 


Rh 








25 


Example 
41 


Dry etching 
(CF,) 


1.1 


0.3 


0.46 


11.7 


Firing 
in air 




Example 
48 


Sputter 
etching (Ar) 


.1.3 


0.2 


0.45 


12.7 


Firing 
in air 



30 



(Examples 49 to 51) 

35 [0133] In Example 49, as the cordierite materials, talc, kaolin, alumina and aluminium hydroxide were used, but 
5% by weight of the Si source was replaced by Ce02, and formulated into a near theoretical cordierite composition. . 
In the same manner as in Example 1, the cordierite materials were added with a binder, a lubricant and a humidicant" 
in appropriate amounts, formed into a honeycomb shape, heated in air to 800'C to remove the binder and then fired in 
a reduced pressure atmosphere under 4000 MPa at 1390^*0 for 2 hours, to obtain a cordierite honeycomb structure. 

40 [0134] In Example 50, a cordierite ho/»eycomb structure was produced in the similar manner as in Example 49, but 
5% by weight of the A} source, not the Si source, was replaced by CeOj and the firing atmosphere was a reducing 
atmosphere of a hydrogen atmosphere. 

[0135] In Example 51, a cordierite honeycomb structure was produced in the similar manner as in Example 49, but 
5% by weight of the Mg source, not the Si source, was replaced by CeO^ and the firing atmosphere was an air 
45 atmosphere. ■ , 

[0136] The obtained cordierite honeycomb structures were evaluated in their thermal expansion coeffident and 

the compressive strength in the direction of the flow channel. 

[0137] As seen in Table 9, the thermal expansion coefficient was 0.78 to 0,98 ^ lO'^a^C, and the compressive 
strength in the direction of the flow channel was 10.8 to 12.1 MPa, both of which satisfy the requirements. 
[0138] When catalyst components (Pt and Rh) were supported on the honeycomb structures of Examples 49 to 
51, the amounts of the supported Pt and Rh were 1.5 to 2.3 g/l of Pt and 0.2 to 0.3 g/l of Rh. confirming that fine 
pores capable of supporting a catalyst component were formed by incorporating CeOj in the cordierite honeycomb 
structure. The amount of the supported catalyst components of Examples 49 to 51 is equivalent to that in the three 
way converter catalyst ( 1 . 5 g/l). 
^ [0139] The results of the evaluation in Examples 49 to 51 are shown in Table 9. 
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[0140] The oxygen storage capacity of the cordierite honeycomb structures of Examples 49 to 51 was evaluated. 
The evaluation of the oxygen storage capacity was made by TG-DTA.(Rigaku: TAS-200), The produced Ce-substituted 
cordierite honeycomb structures were pulverized, and 20 mg of the pulverized powder was kept at 500" C, while an 
oxygen atmosphere of 50% of O2. with the balance being N^, and a reducing atmosphere of 2% of Hj, with the 
balance being N2, were repeated twice. The amount of the released oxygen was calculated from the weight difference 
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between the oxygen atmosphere and the reducing atmosphere. This amount of the released oxygen was divided by the 
amount of the CeOj contained in the cordierite honeycomb structure to obtain the amount of the released oxygen per 
1 mo! of Ce02 contained in the cordierite honeycomb structure, that is, the oxygen storage capacity. The oxygen 
storage capacity is also shown in Table 9. 
5 [0141] For comparison, the oxygen storage capacity of a cordierite honeycomb structure without a Ce substitution 
was also evaluated and that of a three way converter catalyst with CeOj supported thereon, in which the amount of the 
supported Ce02 was made to be 75 g/1, 1.5 times the usual supported amount, was aiso evaluated. As a result, the 
cordierite honeycomb structure without a Ce substitution did not have an oxygen storage c^p^ci^y and the three way 
converter catalyst with CeOj supported thereon had an oxygen storage capacity of 1.5 ^ iq-^^Qj mol/CeOj mol. In 
contrast, the oxygen storage capacities of Examples 49 to 51 were in a range of 3.1 to 9.6 ^ 10*^aO2 mol/ce02 mol, 
which was larger than that of the three way catalyst. . 

[0142] The content of CeOj in Example 51. having the highest oxygen storage capacity, was only about 2% by 
weight The amount of the oxygen which can be stored by 1 liter of the cordierite honeycomb structure of Example 51 
and that by 1 liter of the three way catalyst (75 g/l of the supported CeOj) were almost equal to each other. The 
experiment of Example 51, in which Mg was replaced by Ce; was repeated and the content of CeOj in the cordierite 
honeycomb structure of Example 51 was varied. The oxygen storage capacity was significantly reduced, to a level 
where it was difficult to detect, when the content of CeOj in the cordierite honeycomb structure was 0.01% by weight. 
Accordingly, at least 0.01 % by weight of the content of CeOj is necessary to provide an oxygen storage capacity. 

20 

(Examples 52 and 53) 

[0143] In Example 52, as the cordierite materials, talc, kaolin, alumina and aluminium hydroxide were used but 
1.2% by weight of the Mg source was replaced by Pt, and they were formulated into a near-theoretica! cordierite 
composition. In the same manner as in Example 1, the cordierite materials were added with a binder, a lubricant and 
a humidicant in appropriate amounts, formed into a honeycomb shape and then fired in an air atmosphere at 1390°C 
for 2 hours, to obtain a cordierite honeycomb structure. 

[0144] The obtained cordierite honeycomb structure had a Pt content of 1.7 g/l. The cordierite honeycomb 
structure was evaluated in its thermal expansion coefficient and the compressive strength in the direction, of the 
2Q flow channel. As seen in Table 10, the thermal expansion coefficient was 0.85 ^ 10'®a/'*C, and the compressive 
strength in the direction of the flow channel was 1 0.9 MPa, both of which satisfy the requirements. 
[0145] In Example 53, a cordierite honeycomb structure was produced in the similar manner as in Example 52, but 

I. 2% by weight of the Mg source was replaced with an oxide of Pt and 5% by weight of the A! source was replaced by 
CeO^. After being cooled to room temperature, the honeycomb structure was re-heated to 320**C and rapidly cooled by 

35 being dropped into water (20''C). 

[0146] The obtained cordierite honeycomb structures had a Pt content of 1.6 g/l and an oxygen storage capacity 
of 3.9 ^ lO'^aOj mol/Ce02 mol. The cordierite honeycomb structure was evaluated in its thermal expansion 
coefficient and the compressive strength in the direction of the flow channel. As seen in Table 10, the thermal 
expansion coefficient was 0.96 ^ 10'®a/°C, and the compressive strength in the direction of the flow channel was 

II. 9 MPa, both of which satisfy the requirements. 

[0147] The results of the evaluation of Examples 52 and 53 are shown in Table 10. 
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(Cleaning test)- 



[0148] The performance of the thus produced cordierrte honeycomb structures in cleaning hydrocarbon was 
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evaluated. 

[01 49] A catalyst component was supported on each of the cordierite honeycomb structures produced in Examples 
1. 11 to 18, 25 to 33 and 40 to 53, to form a catalyst-ceramic body. The catalyst-ceramic body was cut cut into a 
cylinder having a diameter of 15 mm and a length of 10 mm. The cylinder of the catalyst-ceramic body was used in the 
5 test of cleaning hydrocarbon at various predetermined temperatures in a mode! gas bench. The model gas comprised 
500 ppm of CgHg, 5% of oxygen and the balance being nitrogen. The SV (space velocity) was 10,OOQ/hcur. The 
temperature at which 50% of C3H5 in the model gas was cleaned with a catalyst-ceramic body, was made as "50% 
cleaning temperature". The results are shown in Table 1 1 . 



Table 1 1 



10 


Sample 


50% cleaning 
temperature (°C) 


Catalyst supported 
amount (g/L) 


Supporting method 


Remarks 








Pt 


Rh 






15 


ComparatNe 
Example 8 


489 


- 


- 


- 


No catalyst 




Comparative 
Example 9 


184 


1.25 






Three way 
convertor catalyst 




Example 1 




1.9 




Ethanol solution 




20 


Example 1 1 




7.7 




Ethanol solution 




Example 12 




2.3 


- 


Ethanol solution 






Example 13 




8.8 




Ethanol solution 






Example 14 


221 


2.5 


- 


Ethanol solution 
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Example 15 


238 


2.4 




Ethanol solution 




Example 16 


263 


2.0 




Ethanol solution 






Example 17 


238 


4.4 


- 


Ethanol solution 






Example 18 


187 


2.4 




Ethanol solution 




30 


Example 25 


223 


1.2 


- 


CVD 




Example 26 


233 


1.0 




PVD 






Example 27 


212 


1.5 




Super critical fluid 






txampie zo 




3.7 




Ethanol solution 






Example 29 


206 


4.1 


- 


Ethanol solution 
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Example 30 


.190 


2.6 




Ethanol solution 






Example 31 


194 


4.1 


- 


Ethanol solution 






Example 32 


206 


3.4 




Ethanol solution 




40 


Example 33 


195 


3.8 




Ethanol solution 




Example 40 


221 


1.2 


0.2 


Ethanol solution + 
ultrasonic wave 






Example 41 


202 


1.3 


0.3 


Ethanol solution + 
ultrasonic wave 




45 


Example 42 


206 


1,1 


0,2 


Ethanol solution + 
ultrasonic wave 






Example 43 


199 


1.9 


0.2 


Ethanol solution + 
ultrasonic wave 




50 


Example 44 


207 


1.5 


0.3 


Ethanol solution + 
ultrasonic wave 






Example 45 


200 


2.3 


0.3 


Ethanol solution + 
ultrasonic wave 
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Example 46 


230 


2.1 


0.2 


Ethanol solution + 
ultrasonic wave 






Example 47 


219 


1.1 


0.3 


Ethanol solution + 
ultrasonic wave + 
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10 



15 



Sample 


50% cleaning 
temperature (*'C) 


Catalyst supported 
amount (g/L) 


Supporting method 


Remarks 






Pt 


Rh 






Example 48 


211 


1 .3 


0.2 


Ethanol solution + 
ultrasonic wave 




Example 49 


214 


0,6 


0.5 


EthancI solution + 
ultrasonic wave 




Example 50 


226 


.1.8 


1.1 


Ethanol solution + 
ultrasonic wave 




Example 51 


210 


1.3 


0.2 


Ethanol solution + 
ultrasonic wave 




Example 52 


253 


1.7 








Example 53 


247 


1.6 
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[0150] For comparison, the test device without the above catalyst-ceramic body was evaluated (Comparative 
Example 8). and a three way catalyst comprising a cordierite honeycomb structure with a coating of Y-alumina in an 
amount of 150 g/1 on which 1/25 g/1 of Pt and 0.25 g/l of Rh as well as 75 g/1 of a co-catalyst CeO^ Were supported 
(Comparative Example 9) was also evaluated. The results are also shown in Table 11. 

[0151] As seen in Table 11. the 50% cleaning temperature was high, 500**C. in the case of Comparative Example 8 
In which no catalyst-ceramic body was used, and was lowered to 184*'C in the. case of the three way catalyst in 
Comparative Example 9. In contrast, in the cases of Examples of the present invention in which the amount of the 
supported catalyst component was as much as that of the three way catalyst, the 50% cleaning temperature was 
equivalent to or slightly higher than that of the three way catalyst, and was about a half of that of the case of 
non-catalyst-ceramic body. Thus, a high cleaning capability was attained in the Examples. 

[0152] The relationship between the cleaning capability and the state of the supported catalyst component was. 
examined as below: 

[0153] Cordierite materials, in which 10% by weight of the Si source was replaced by an oxide of an element 
having a valence different from Si, GajOg, was prepared, formed into a honeycomb shape, and fired in air at 1390°C 
for 2 hours. To the obtained honeycomb structure, catalyst components were supported by immersing in an ethanol 
solution of 0.07 mol/l of chloroplatinic acid and 0.05 mol/1 of rhodium chloride, while ultrasound was being applied, 
for 10 minutes, drying and firing in air at 800*'C for 2 hours, to form a catalyst-ceramic body (Sample 1), A similar 
sample prepared without applying ultrasound was made as Sample 2. Sample 2 was heat treated at 1000'C for 50 
hours and the thus heat deteriorated sample was made as Sample 3. 

[0154] The Samples 1 to 3 were observed by TEM to examine the state of the supported catalyst metal particles. 
■ The TEN magnification was x200,000. The spacing between the catalyst metal particles was measured for 30 particles 
in one field of view and the measurement was conducted for 5 fields of view to obtain an average spacing between the 
catalyst metal particles. The results are shown in Table 12. 

[0155] The 50% cleaning temperature of C3H6 was also measured for Samples 1 to 3. They were 254°C. 336X 
and460"C. 

[0156] Similarly, the same ceramic support as in Samples 1 to 3 was used and immersed in an aqueous solution of 
0 005 mol/1 of chloroplatinic acid and 0.003 mol/1 of rhodium chloride, dried and fired in air at 800**C for 2 hours, 
to form a catalyst-ceramic body (Sample 4). Also, the same ceramic support was immersed in an aqueous solution of 
0 0025 mol/1 of chloroplatinic acid and 0.0015 mol/1 of rhodium chloride, dried and fired in air at 800X for 2 
hours, to form a catalyst-ceramic body (Sample 5). No ultrasound was applied for Samples 4 and 5 during the 
supporting of the catalyst component , 
[0157] The Samples 4 and 5 were observed by TEM at the magnitude of x50,000. The spacing between the 
catalyst metal particles was measured in the same manner as for Samples l to 3 and the results are also shown in 
Table 12. 

Table 12 



Sample No. 


1 


2 


3 


4 


5 


50% cleaning temperature ("C) 


254 


336 


460 


472 


484 
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Sample No. 


1 


2 


3 


4 


5 


Average spacing betv/een catalyst metal particles (nm) 


23 


74 


108 


850 


1009 



5 



[01551 Table 12, Sample 3, which was deteriorated by heating, had a 50% cleaning temperature of C^Hg of 

460'*C and an average spacing between the catalyst metal particles of 108 nm, beyond 100 nm. As seen in Table 11, 
10 the 50% c\ean\nQ temperatufe of CgHg by a non -catalyst-ceramic body was 484''C and, therefore, Sample 3 is 
considered to have a cleaning capability. 

[0159] Sample 2 had a 50% cleaning temperature of CgHg of 336°C and an average spacing between the catalyst 
metal particles of 74 nm, while Sample 1 had a 50% cleaning temperature of CgHg of 254**C and an average spacing 
between the catalyst metal particles of 23 nm. It is seen that as in the average spacing between the catalyst metal 
1S particles decreased, the 50% cleaning temperature lowered. 

[0160] Sample 4, having an average spacing between the catalyst metal particles of less than 1000 nm, had a 50% 
cleaning temperature of CgHg of 472X, lower than 484°C of the non-cataiyst-ceramic body, indicating that Sample 4 
had a cleaning capability. 

[0161] However, Sample 5, having an average spacing between the catalyst metal particles of more than 1 000 nm, 
2^ had a 50% cleaning temperature of 484'*C, equal to that of the non-catalyst-ceramic body, indicating that Sample 5 

did not have a cleaning capability. ' 

[0162] Therefore, it can be seen that the average spacing between the catalyst metal particles should be not 
more than 1000 nm, preferably not more than 100 nm to have a cleaning capability. With a smaller average spacing 
betwveen the catalyst metal particles, the cleaning capability is improved. When using ultrasound during the 
supporting step, the catalyst component can be more easily infiltrated in the fine pores of the ceramic support and 
the average spacing between the catalyst metal particles can be decreased. 

Claims 

30 1. A ceramic support which comprises a crystal lattice having at least one of oxygen vacancy and lattice defects 
therein, by which said ceramic support can support a catalyst component. 

2. The ceramic support according to claim 1, wherein said ceramic support has a shape of at least one of a 
honeycomb, a pellet and a powder. 

35 . 

3. A ceramic support which has cracks by which said ceramic support can support a catalyst component 

4. The ceramic support according to claim 4, wherein said cracks are present in at least one of the crystal and the 
amorphous phases. 

5. The ceramic support according to claim 3 or 4, wherein said cracks have a width in a range of 100 nm or less. 

6. The ceramic support according to any one of claims 3 to 5, wherein said ceramic support has a shape of at least 
one of a honeycomb, a pellet and a powder. 

7. A ceramic support capable of supporting a catalyst comprising a ceramic body having fine pores with a diameter 
or width of up to 1000 times the ion diameter of a catalyst component to be supported on the surface of said 
ceramic body, the number of said fine pores being not less than 1 ^ lO'^a pores per liter. 

50 8. The ceramic support according to claim 7. wherein said ceramic body has five pores with a diameter or width of 1 
to 1000 times the ion diameter of a catalyst component to be supported on the surface of said ceramic body. 

9. The ceramic support according to claim 7 or 8, wherein said number of said fine pores is not less than 
1 ^ 10^®a pores per liter. 
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10. The ceramic support according to any one of claims 7 to 9, wherein, said fine pores are composed of at least 
ones of oxygen vacancies and lattice defects in the crystal lattice of said ceramic, fine cracks on the surface of 
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said ceramic body, and vacancies of an element or elements constituting the ceramic. 

11. The ceramic support according to any one of claims 7 to 10, wherein said ceramic mainly comprises cordierrte. 

12. The ceramic support according to any one of claims 7 to 11, wherein said ceramic support is in the form of a 
honeycomb. 

13. The ceramic support according to any one of claims 7 to 12. wherein said ceramic support has a compressive 
strength in the direction of the flow channel of not less than 1 MPa and a thermal expansion coefficient in the 
direction of the flow channel of not higher than 1.0 ^ 10'®a/**C. 

14. The ceramic support according to claim 13, wherein said ceramic support has a compressive strength in the 
direction of the flow channel of not less than 1 0 MPa. 

15. The ceramic support according to any one of claims 7 to 14, wherein said ceramic support has the fine pores in 
a number of not less than 1 x lO^^a pores per liter. 

16. The ceramic support according to any one of claims 7 to 15, wherein said diameter or width of said fine pores 
is in a range of 0.1 to 100 nm. 

17. The ceramic support according to any one of claims 7 to 16, wherein said fine pores have a depth of not smaller 
than a half of the ion diameter of a catalyst component to be supported on the surface of said ceramic body. 

18. The ceramic support according to any one of claims 11 to 16, wherein said ceramic has a content of oxygen in an 
amount of less than 47% by weight or more than 48% by weight. 

19. The ceramic support according to any one of claims 11 to 16, wherein said ceramic comprises cordierite 
crystals and the lattice constant of bo axis of the cordierite crystals is'larger than 16.99 or smaller than 16.99. 

20. The ceramic support according to any one of claims 11 to 16, wherein said ceramic includes cordierite crystals 
having one or more of at least one of oxygen vacancy and lattice defect in the unit lattice of cordierite crystal 
in an amount of not less than 4 ^ 1 0"®^ % of said ceramic. 

21. The ceramic support according to claim 20, wherein said ceramic includes said cordierite crystafe having one or 
more of at least one of oxygen vacancy and lattice defect in the unit lattice of cordierite crystal in an amount 
of not less than 4 x 10'^a% of said ceramic. 

22. The ceramic support according to any one of claims 7 to 16, wherein said ceramic comprises cordierite crystals 
which comprise not less than 4 ^ 10"^a of at least one of oxygen vacancy and lattice defect per unit lattice of 
cordierite crystal. 

23. The ceramic support according to claim 22, wherein said ceramic comprises cordierite crystals which comprise 
not less than 4 ^ 10"^a of at least one of oxygen vacancy and lattice defect per unit lattice of cordierite crystal. 

24. A ceramic support capable of supporting a catalyst component, comprising a honeycomb structure mainly 
comprised of a cordierite composition and having oxygen vacancies in cordierite crystals, said honeycomb 
structure having a content of oxygen in an amount of less than 47% by weight 

25. The ceramic support according to claim 24, wherein said oxygen vacancies are formed" by firing in a reduced 
pressure atmosphere, a reducing atmosphere, or a low oxygen concentration atmosphere. 

26. The ceramic support according to claim 25, wherein said firing atmosphere is a reduced pressure atmosphere at 
a pressure of not higher than 4000 Pa. a reducing. atmosphere, or a low oxygen concentration atmosphere with a 
oxygen concentration in a range of not less than 0% and up to less than 3%. . 

27. The ceramic support according to claim 24, wherein said oxygen vacancies are formed by replacing at least some 
of Si, Al and Mg elements constituting the cordierite by an element having a valency smaller than that of the 
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28. The ceramic support according to any one of claims 24 to 27, wherein said cordierite crystals have a lattice 
constant of bp axis of smaller than 16.99. 

5 

29. A ceramic support capable of supporting a catalyst component comprising a honeycomb structure mainly 
comprised of a cordierite composition and having lattice defects in cordierite crystals, said honeycomb structure 
having a content of oxygen in an amount of more than 48% by weight. 

10 30, The ceramic support according to claim 29, wherein said lattice defects are formed by replacing at least some 
of Si, Al and Mg elements constituting the cordierite by an element having a valency greater than that of the 
replaced element. 

31. The ceramic support according to claim 29 or 30, wherein said cordierite crystals have a lattice constant of 
15 the bo axis of larger than 16.99 or smaller than 16.99. 

32. A ceramic support capable, of supporting a catalyst component, comprising a honeycomb structure mainly 
comprised of a cordierite composition and having a multiple number of fine cracks in at least one of the 
amorphous and the crystal phases thereof. 

20 

33. The ceramic support according to claim 32, wherein said ceramic support contains an alkali mietal and an 
alkaline earth metal in a total amount of not less than 0.05% by weight 

34. The ceramic support according to claim 32 or 33, wherein said fine cracks have a width of not more than 100 nm 
25 and said fine cracks are formed by thermal shock or shock waves. 

35. A ceramic support capable of supporting a catalyst component, comprising a honeycomb structure mainly 
comprised of a cordierite composition and having at least ones of oxygen vacancies and lattice defects as well as 
having a multiple number of fine cracks in at least one of the amorphous and the crystal phases thereof. 

30 

36. The ceramic support according to any one of claims 32 to 35, wherein said honeycomb structure includes said 
oxygen vacancies, lattice defects and fine cracks in a total number amount of at least 1 ^ 10^®a per liter. 

37. A. ceramic support capable of supporting a catalyst component, comprising a honeycomb structure mainly 
35 comprised of a cordierite composition,' said honeycomb structure having an oxygen content of less than 47% by 

weight or more than 48% by weight and a multiple number of fine cracks in at least one of the amorphous and the 
crystal phases thereof. , . 

38. A ceramic support capable of supporting a catalyst component, comprising a honeycomb structure mainly 
40 comprised of a cordierite composition, a lattice constant of bo axis of the cordierite crystals of said honeycomb 

structure being larger than 16.99 or smaller than 16.99, said honeycomb structure having' a multiple number of 
fine cracks in at least one of the amorphous and the crystal phases thereof. 

39. A process for producing a ceramic support capable of supporting a catalyst component, comprising the step of: 

45 

preparing cordierite materials comprising an Si source, an Al source and a Mg source as well as a binder, 

forming said cordierite materials into a honeycomb shape, 

50 heating said honeycomb shape to remove said binder and then 

firing said honeycomb shape in a reduced pressure or reducing atmosphere to form a honeycomb structure- 
mainly comprised of a cordierite composition. 

55 

40. The process according to claim 39. wherein said firing atmosphere is a reduced pressure atmosphere at a 
pressure of not higher than 4000 Pa. or a reducing atmosphere. 
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41. A process for producing a ceramic support capable of supporting a catalyst component, comprising the step of: 

preparing cordierite materials comprising an Si source, an Al source and a Mg source as well as a binder, at 
least some of said Si, Al and Mg sources being used from compounds which do not comprise oxygen, 

forming said cordierite materials into a honeycomb shape, 

heating said honeycomb shape to remove said binder and then 

firing said honeycomb shape in a low oxygen concentration atmosphere with a oxygen concentration in a range 
of not less than 0% to less than 3% to form a honeycomb structure mainly comprised of a cordierite 
composition. 

42. A process for producing a ceramic support capable of supporting a catalyst component, comprising the step of: 

preparing cordierite materials comprising an Si source, an Al source and a Mg source as well as' a binder, 
some of said Si, Al and Mg sources being replaced by compounds comprising an element having a valency 
smaller than that of the replaced Si, Al or Mg, 

forming said cordierite materials Into a honeycomb shape, 

heating said honeycomb shape to remove said binder and then 

firing said honeycomb shape in a reduced pressure atmosphere, a reducing atmosphere, an oxygen-containing 
atmosphere or an oxygen-free atmosphere to form a honeycomb structure mainly comprised of a cordierite 
composition. 



43. The process according to claim 42, wherein said firing atmosphere is a reduced pressure atmosphere at a 
pressure of not higher than 4000 Pa, a reducing atmosphere, an oxygen-containing atmosphere or an oxygen-free 

atmosphere. 

44. A process for producing a ceramic support capable of supporting a catalyst component, comprising the step of: 

preparing cordierite materials comprising an Si source, an Al source and a Mg source as well as a binder, 
some of said Si, Al and Mg sources being replaced by compounds comprising an element having a valency 
larger than that of the replaced SI, Al or Mg, 

forming said cordierite materials into a honeycomb shape, and 

firing said honeycomb shape in air to form a honeycomb structure mainly comprised of a cordierite 
composition. 



45. A process for producing a ceramic support capable of supporting a catalyst component, comprising the step of: 

preparing cordierite materials cbm prising an Si source, an Al source and a Mg source as well as a binder, 
forming said cordierite materials into a honeycomb shape, 

firing said honeycomb shape to form a honeycomb structure mainly comprised of a cordierite composition, and 

heating said honeycomb structure to a predetermined temperature followed by rapid cooling said honeycomb 
shape from said predetermined temperature. 

46. A process for producing a ceramic support capable of supporting a catalyst component, comprising the step of: 
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preparing cordierite materials comprising an Si source, an A! source and a Mg source as well as a binder, 
forming said cordierite materials Into a honeycomb shape, 

firing said honeycomb shape, and 

rapidly cooling said fired honeycomb shape from a predetermined temperature during cooling from the 
temperature used In said firing to form a honeycomb structure mainly comprised of a cordierite composition. 

47, The process according to any one of claims 39 to 44, wherein said obtained fired honeycomb structure is further 
heated to a predetermined temperature and then rapidly cooled from said predetermined temperature. 

15 48. The process according to any one of claims 39 to 44, wherein said obtained fired honeycomb structure is further 
rapidly cooled from a predetermined temperature during cooling from the temperature used in said firing. 

49. The process according to any one of claims 45 to 48, wherein a temperature difference between said 
predetermined temperature and a temperature after said rapid cooling is not more than 900°C. 

20 

50. The process according to any one of claims 39 to 44, wherein said obtained fired honeycomb structure is further 
subjected to a shock wave. 

51 . The process according to claim 50, wherein said shock wave is provided by ultrasound or vibration. 

52. The process according to any one of claims 39 to 51, wherein a compound of an alkali metal element or alkaline 
earth metal element is added to said cordierite materials. 

53. A process for producing a ceramic support capable of supporting a catalyst component, comprising the step of: 
preparing cordierite materials comprising an SI source, an Al source and a Mg source as well as a binder, 

forming said cordierite materials into a honeycomb shape, 

3^ firing said honeycomb shape to form a honeycomb structure mainly comprised of a cordierite composition, and 

immersing said honeycomb structure in a high temperature and high pressure water, a super critical fluid or 
an alkali solution. 

40 

54. A process for producing a ceramic support capable of supporting a catalyst component, comprising the step of: 

preparing cordierite materials comprising an Si source, an Al source and a Mg source as well as a binder, 
forming said cordierite materials into a honeycomb shape, 

firing said honeycomb shape to form a honeycomb structure mainly comprised of a cordierite composition, and 
dry etching or sputter etching said honeycomb structure. 



25 
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55. A ceramic support capable of supporting a catalyst component, comprising a honeycomb structure and 

comprising a substance having an oxygen storage capacity. 

56. The ceramic support according to claim 55, wherein said ceramic support comprises Ce02 as said substance 
having an oxygen storage capacity in an anriount of not less than 0.01% by weight. 

57. The ceramic support according to claim 55 or 56, wherein said honeycomb structure is mainly comprised of a 
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58. A ceramic support capable of supporting a catalyst component, comprising a honeycomb structure mainly 
comprised of a cordierite composition, in which some of at least one of Si, Al and Mg elements constituting 
cordierite is replaced by Ce. 

59. The ceramic support according to any one of claims 7 to 38, wherein a co-catalyst having an oxygen storage 
capacity is supported by said ceramic support without a coating layer being formed on the surface of said ceramic 
support, to provide an oxygen storage capacity. 

60. The ceramic support according to any one of claims 7 to 38, wherein a precursor to a co-catalyst having an 
oxygen storage capacity is provided to said ceramic support without a coating layer being formed on the surface 
of said ceramic support, and said ceramic support with said precursor is then heated to provide an oxygen storage 
capacity to said ceramic support 

61. The ceramic support according to any one of claims 55 to 60, wherein said cordierite includes at least ones of 
oxygen vacancies and lattice defects in the cordierite crystal lattice. 

62. The ceramic support according to any one of claims 55 to 61 , wherein said ceramic support has a multiple number 
of fine cracks in at least one of the amorphous and the crystal phases thereof. 

63. The ceramic support according to any one of claims 55 to 60, wherein said fine cracks have a width of not more 
than 100 nm. 

64. A process for producing a ceramic support capable of supporting a catalyst component, comprising the step of: 

preparing cordierite materials comprising an Si source, an Al source and a Mg source as well as a binder, 
some of said Si, Al and Mg sources being replaced by a Ce-contalning compound, 

forming said cordierite materials into a honeycomb shape, 

heating said honeycomb shape to remove said binder, and 

firing said honeycomb shape in a reduced pressure atmosphere at a pressure of not higher than 4000 Pa, a 
reducing atmosphere, an oxygen-containing atmosphere or an oxygen-free atmosphere to form a honeycomb 
structure mainly comprised of a cordierite composition. 

65. The process according to claim 64, wherein said obtained fired honeycomb structure is further heated to a 
predetermined temperature and then rapidly cooled from said predetermined terinperature. 

66. The process according to claim 64, wherein said obtained fired honeycomb structure is further rapidly cooled 
from a predetermined temperature during cooling after said firing. 

67. The process according to claim 65 or 66, wherein a temperature difference between said predetermined 
temperature and a temperature after said rapid cooling is not more than 900'C. ' . 

68. The process according to claim 64, wherein said obtained fired honeycomb structure is further subjected to a 

shock wave. 

69. The process according to claim 68, wherein said shock wave is provided by ultrasound or vibration. 

70. The ceramic support according to any one of claims 39 to 49. wherein a co-catalyst having an oxygen storage 
capacity is supported by said ceramic support without a coating layer being formed on the surface of said ceramic 
support, to provide an oxygen storage capacity. 

71. The ceramic support according to any one of claims 39 to 48, wherein a precursor to a co-catalyst having an 
oxygen storage capacity is provided to said ceramic support without a coating layer being formed on the surface 
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of said ceramic support, and said ceramic support with said precursor then being heated to provide an oxygen 
storage capacity to said ceramic support. 

72. A catalyst-ceramic body, comprising a catalyst component supported by said ceramic support as set forth in any 
one of claims 7 to 38 and 55 to 63. • 

73. A catalyst-ceramic body comprising a catalyst component directly supported on a ceramic support without a 
coating layer on the surface thereof. 

74. The catalyst-ceramic body according to claim 73, wherein said catalyst-ceramic body comprises a catalyst 
component in an amount as the metal element of not. less than 0.01% by weight, an average distaace between 
particles of said catalyst component on the surface of said ceramic support being in a range of 0.1 to 1000 nm. 

75. The catalyst-ceramic body according to claim 73 or 74, wherein said average distance between particles of said 
crystal component is in a range of 0.1 to 100 nm. 

76. The catalyst-ceramic body according to claim 73, 74 or 75, wherein said catalyst component is at least one of 
metals having a catalyst activity and metal oxides having a catalyst activity. 

77. The catalyst-ceramic body according to claim 76. wherein said metals having a catalyst activity are noble 
metals and said metal oxides having a catalyst activity are oxides containing at least one metal selected from 
the group of V. Nb, Ta. Cr, Mo, W, Mn, fe, Co, Ni, Cu. Zn, Ga, Sn and Pb. 

78. The catalyst-ceramic body according to any one of claims 72 to 77, wherein said ceramic support has a multiple 
number of fine pores with a diameter or width of 0.1 to 100 nm on the surface thereof, 

79. The catalyst-ceramic body according to any one of claims 73 to 78, wherein said ceramic support is the ceramic 
support as set forth in any one of claims 7 to 38 and 55 to 63. 

80. A catalyst-ceramic body comprising a ceramic support comprising a honeycomb structure mainly comprised of a 
cordierite composition, some of at least one of Si, Al and Mg elements constituting the cordierite being replaced 
by a metal having a catalyst activity, 

81. The catalyst-ceramic body according to claim 80, wherein said catalyst-ceramic body contains a. metal having a 
catalyst activity in an amount of not less than 0.01 % by weight thereof. 

82. The catalyst-ceramic body according to claim 80, wherein said catalyst-ceramic body contains a metal having a 
catalyst activity in an amount of not less than 0.01% by weight thereof and GeOj in an amount of not less than 
0.01 % by weight thereof. 

83. The catalyst-ceramic body according to any one of claims 80 to 82, wherein said metal having a catalyst 
activity is at least one of noble metals, V, Nb, Ta, Cr, Mo, W, Mn, Fe, Co, Ni, Cu, Zn, Ga. Sn and Pb. 

84. The catalyst-ceramic body according to any one of claims 80 to 83. wherein said honeycomb structure has at 
least ones of oxygen vacancies and lattice defects in the cordierite crystal lattice, on which a catalyst 
component is supported. 

85. The catalyst-ceramic body according to any one of claims 80 to 84, wheran said honeycomb structure has a 
multiple number of fine cracks in at least one of the amorphous and the crystal phases thereof, on which a 
catalyst component is supported, 

86. The catalyst-ceramic body according to claim 85, wherein said fine cracks have widths of not more than 100 nm. 

87. A process for producing a catalyst-ceramic body, comprising the step of. 

preparing cordierite materials comprising an Si source, an Al source and a Mg source as well as a binder, 
some of said Si, Al and Mg sources being replaced by a noble metal-containing compound, 
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forming said cordierite materials into a honeycomb shape, 
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heating said honeycomb shape to remove said binder, and 

firing said honeycomb shape In a reduced pressure atmosphere at a pressure of not higher than 4000 Pa. a 
reducing atmosphere, an oxygen-containing atmosphere or an oxygen-free atmosphere to form a cataiyst- 
ceramic body comprising a ceramic support of a honeycomb structure mainly comprised of a cordierite 
composition. 



88. A process for producing a catalyst-ceramic body, comprising the step of: 



preparing cordierite materials comprising an Si source, an Al source and a Mg source as well as a binder, 
some of said Si, Ai and Mg sources being replaced by a noble metai-contalning compound, and a Ce- 
iS containing compound, 

forming said cordierite materials into a honeycomb shape, 

heating saia honeycomb shape to remove said binder, and 



firing said honeycomb shape in a reduced pressure atmosphere at a pressure of not higher than 4000 Pa, a 
reducing atmosphere, an oxygen-containing atmosphere or an oxygen-free atmosphere to form a catalyst- 
ceramic body comprising a ceramic support of a honeycomb structure mainly comprised of a cordierite 
composition. 

89. The process according to claim 87 or 88, wherein said obtained fired honeycomb structure Is further heated to a ' 
predetermined temperature and then rapidly cooled from said predetermined temperature. 

90. The process according to claim 87 or 88. wherein said obtained fired honeycomb structure is further rapidly 
cooled from a predetermined temperature during cooling from the temperature used in said firing. 

91. The process according to claim 89 or 90, wherein a temperature difference between said predetermined 
temperature and the temperature after said rapid cooling is not more than SOO^C. 

92. The process according to claim 87 or 88, wherein said obtained fired honeycomb structure is further subjected 
to a shock wave. 

93. The process according to claim 92, wherein said shock wave is provided by ultrasound or vibration. 

94. A process for producing the catalyst-ceramic body as set forth in any one of claims 72 to 86, comprising 
depositing a catalyst component and/or a precursor of a catalyst component on said ceramic support by a CVD or 
PVD method. 

95. A process for producing the catalyst-ceramic body as set forth in any one of claims 72 to 86, comprising 
depositing a catalyst component and/or a precursor of a catalyst component on said ceramic support: by means of a 
super critical fluid. 

96. A process for producing the catalyst-ceramic body as set forth in any one of claims 72 to 86, comprising 
depositing a catalyst component and/or a precursor of a catalyst component on said ceramic support by means of a 
solvent having a surface tension smaller than water. 

97. A process for producing the catalyst-ceramic body as set forth in any one of claims 72 to 86, comprising 
depositing a catalyst component and/or a precursor of a catalyst component on said ceramic support by means of a 
solvent having a surface tension smaller than water while applying vibration or performing vacuum defoaming. 

98. A process for producing the catalyst-ceramic body as set forth in any one of claims 72 to 86, comprising 
depositing a precursor of a catalyst component on said ceramic support followed by a heat treatment 
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99. A process for producing the catalyst-ceramic body as set forth in any one of claims 72 to 86, comprising 
depositing a catalyst component ^ plurality of times using the same or different compositions. 

100. The ceramic support according to any one of claims 11 to 38 and 57 to 63, wherein said cordierite has a 

theoretical compcsition expressed by 2MgO-2Ai203-53i02. 

101. The process for producing a ceramic support according to any one of claims 39 to 54 and 64 to 71, wherein 
said cordierite has a theoretical composition expressed by 2MgO-2Al203-5Si02. 

102. The catalyst-ceramic body according to any one of claims 80 to 86, wherein said cordierite has a theoretical 
composition expressed by 2MgO-2Al203-5Si02- 

103. The process for producing a catalyst-ceramic body according to any one of claims 89 to 99, wherein said 
cordierite has a theoretical composition expressed by 2MgO-2Al203-5Si02. 
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